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Effect of Pregelatinized Brown Rice
on Serum Cholesterol Levels in Obese Model Rats

KOBAYASHI Ken-Ichi*'®, YAMAGISHI Ayano*'®, NAKAGAWA Toru*), MAEDA Yukie***,
ITOH Arisa®, YAMADA Chiharu*!, TOKUNAGA Kouki*!, FUJITA Saya®,
SUZUKI Tsukasa™', TSUJII Yoshimasa®™, TAKANO Katsumi*' and YAMAMOTO Yuji*'

* 1 Department of Applied Biology and Chemistry, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156-8502
% 2 Hitachi Health Management Center, 4-3-16, Osecho, Hitachi-shi, Ibaraki 317-0076
% 3 Alpha Food Co., Ltd., 645, Kitaaraki, Taisya-cho, lzumo, Shimane 699-0722

The purpose of this study was to evaluate the effects of pregelatinized brown rice on cholesterol
metabolism in obesity using Zucker fatty (ZF) rats. Six-week-old male ZF rats and their lean
littermates were divided into four experimental groups; (1) Lean: Zucker lean rats fed the AIN93G;
(2) Control: ZF rats fed the AIN93G; (3) WR: ZF rats fed the AIN93G in which cornstarch was
replaced with pregelatinized white rice; (4) BR: ZF rats fed the AIN93G in which cornstarch was
replaced with pregelatinized brown rice. The rats were fed each diet for 10 weeks. Significant
decreases in serum and hepatic cholesterol levels were observed in the WR and BR groups compared
with the control group. In particular, this cholesterol-lowering effect was more remarkable for the BR
than WR group. Gene expression of HMG-CoA reductase was significantly increased in the WR and
BR groups relative to the control group. In addition, CYP7Alm RNA levels showed a significant
increase in the BR compared with the WR group. Our results indicate that pregelatinized brown rice
has a serum cholesterol-lowering effect in obesity.

(Received Jun. 29, 2015 ; Accepted Oct. 30, 2015)
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A€ 7V (Zucker Fatty) 9 v b & HW/2ME %247

572

ERMEHLUHE

1. EREVBLUFEBTSE

6 U G D MV Zucker-Fatty (ZF) v b (HAF %
— VA - YN—#R30IE %, AIN93GT 4 HMFMfHE L
721%, Controlftf, eftHK (WR) #, oftZ >k (BR)
BED 3BT, KBEI0EE LCI0EMEE Lz, 2B,
ZFD LR & LT, ZFOWERTH 5 HMEZucker-
LeanT v M10VE% HWHERIZEFHE L7z O % Leanf &
L7zo & 1ICHEVEHHBE 2 7R L 720 Lean#¥ & Control# (2
1, AIN-93GZ#GfH L 72 WREEH SR 72 IXBRE:H £
BHE, AIN9S-GZFEEARFFR L LT, RAILWETH S
— VA —Flafba—r A ¥ —FEFTRCafbAK T
TFa b T RICEEEZ 20 G3EREY) ZHBL 7
ALHRB L PAbZRE DT, TV 77 —ERBE D
s h7d02HL, oz Y =y MR (W
A Y UTE) T, KESOmELT (1002 v ¥ 2%
) KL 7B K 2 SR 72,

FHICB L TlE, B EERY ERA R E T & >
F—pr ) —UEAEFEREMHN L. FEWRT, B
FEI, W25+ 3T, WSS+ 10%IRFEL, MK
ix 8 1 00~20: 00D 12[¢M & L, ikt & Rk E T
L L7z, fpHEARIEEH, AREIZ 1 BB S0
L7z EBREKHIZ1I6H oM, X XV Esy —
VIR T CRIBE L, (Ol & D3RI L 720 $RECL 72 i,
MG eEE (Zay b Fa—7-A, BERETE) %
FAVT1,000 X g T154) M &0 o B LTI % 74 720
BRI H IR L, AR AR E VTR L,
Mg % 5Bk Lz, TomoERICHKTZFT

R KERRIEER

Ao Control  ywp BR
Lean

HnEAL 200.0  200.0  200.0
-V Ay —F 397.5 - -
@-d—VAY—F 132.0 - -
v oa gk 100.0  100.0  100.0
K 70.0  70.0  70.0
A MHE 50.0  50.0  50.0
2 290 (Mineral mixture) 35.0 35.0 35.0
¥'# 3~ (Vitamin mixture) 10.0 10.0 10.0
LY AF v 3.0 3.0 3.0
EiNAEET) v 2.5 2.5 2.5
tert-7F Lk Fa¥x ) v 0.014 0.014 0.014
77 7ALEKRE R - 529.5 -
TV 7 AL KRR - - 529.5
& 1,000 1,000 1,000

LeaniZZucker LeanJ v bt IZAIN93G%Z #: 8 L 72 %, Controli
Zucker Fatty v b ICAIN93GT #4 # L 7= #, WRIiZZucker
FattyZ v MICT7 V7 7 AL AKX & #4fE L 72 %, BRIZZucker
FattyF v MIT V7 7AbZKRERE L2 HE KT,
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DAIE
MmiEREho#alL A5a—)v, HDL-alL 250 —
WiZ, AV I F OVERRHERICIENT & ZEC L 72,

3. FgaLA5O0-ILOAIE

JFIBNE 2 1%, Forcu et al o J7EE1c# Uit L 72
BARAIIZIE, FEIBO.5g 12 A ¥/ — )V 15me% hil 2 T B
L, 7uuakia30mz Mz, 40C T304 MikE 5 fli
L7 ZO%, 700KV AL . AF =)V (2 1v/
v) TSOmOIZEREE, ABLTCABHE . TDAHB
WKL, 0.88%351L A V) 7 2 K¥E#12. 5me % N 2 C,
BIRE DB, 4TTMEHELZ. RREEXIDERE,
TRE3meaEF A7 AT L CRIERZRE L, AT —
TW20m TR L7z, 2D, WIFE»S 2ml% 5 H L
e, 2-708% 7 —)500ud THBEHL, ThZho
SFrERERE L7z
SMRBFOBILATFO—ViZa L AT U — LVE-
FANT a— (FDGHZE TR 2 v Tl L7z,

4. #RNADHH

JHF g #H %% 100mg \2 RN Aiso Plus (# 7 584 +#) 1
mé%& M CEEREL 728, 70 u R A200ud %z TR
W, FiR5OMEE L. ZOBRBIHE12,000xg
TI540 M, 4 CTurbLoEER, FIL7: BiEic2-7a
N = 1imlE A CTRA LT, =ik Tl05 [ #iE
#%, 12,000xg, 105+, 4 CTmRLAEEL T, LY
ZRUR L 720 W E75% 5 /) — VTRl L 7214212,
W &%, RNasefree/K TfE L 72,0

5. gL 27O0—- I RKHHBEEEEFREEDAE
FRNA500nglZPrimeScript RT Master Mix (¥ 75

INAKFH) EMZT, 1554 M37CTRIn%, 5BH98T
THRL ST, cDNAZAK L7,
Z® cDNA & Fast SYBR Green Master Mix

(Applied Biosystems) & % Bn &8 T, OneStep Real
Time PCR System (Applied Biosystems) % W,
ERMBPCRE 4T - 720

ZEMPCROTI4~<—L LT, e Faf A5
ZNVFYIVCoAL ¥ 7 ¥ —¥ (HMGR) 12 L TiZ, 5'-
TGTGGGAACGGTGACACTTA-3" (Forward), 5 -
CTTCAAATTTTGGGCACTCA-3 (Reverse) O Bi%I)
DL D%z, Ta-KEALFEZE (CYP7TAL1) ICHL
Ti¥, 5 -GCTTTACAGAGTGCTGGCCAA-3' (For-
ward), 5'-CTGTCTAGTACCGGCAGGTCATT-3" (Re-
verse) OIFIDY D% 72, NEERE L LTHW
B-actin® 75 4 <v—13, 5 -CTGACAGACTACCTCAT
GAAGATCC-3 (Forward), 5-TAGCACAGCTTCTCT
TTAATGTCAC-3' (Reverse) DEHI DD D % w72,
6. ¥ 5t I8

WA, P = BEERAE TR LUz, SREM O
X, —JChiE e (ANOVA) %, Tukey-Kramer
R HCTTY, FREAKEZGREES RN E Lz,

EBRER

1. FIFHERE, VIFE, REESLUVHRELEOLE

FEEHIE o R AER, RE, RAEEB XK
HEELEE 2R LT,

9, EMEFVTHBZES v b (Control) & %
DL & 7 A Zucker LeanT v b (Lean®f) &It
L7248, Control (1,761+81g /103 M) ASLean
B (1,222+46g /10 123 LC, REARICAES
HWmAsiEo b7z (p<0.01)o F 72, Controlff X #IA&
HDS164.610.4g, HAREAD3L.5+£32.2¢g, L THE
EEIbA378.2%26.4g TH > 720 Leanfid, #IKRED
138.6+6.2g, #AKFEA391.1+37.2g, =L CTHREZE
1bA5273.1+21.3g TH o720 TNOHHMKE, RAES
X OMREZALIZ O W TIX, ControlfEALeanBE 2% L T
WENRLAE RN (& H12p<0.01) ATD LNz,

RIZaAb AR B L CalbZRETOREEZ MG L 72,
WRHE X, BEBARED1,666x108g, #WIAEAN161.5+
9.4g, WAKE 9%5562.1x45.4g, = L CHREEAL D
404.1+46.4g TH o720 72, BREFIZ, BIEBAEN, 674
+119g, ¥ 14 E H159.3+16.5g, # 1k & A9576.4+
33.3g, ZLCHELEILI417.1+28.3g TH o720 2
no, REAER, OAKE, KAEEELTEREELIZ, WR
B X UBREEE 112, Controlff & HEELEI LD o720

x2 Has, REEL

i Lean Control WR BR
HEAEE (g/10M)  1221.9+ 46.3°  1761.4+ 80.9"°  1666.2+107.6° 1674.3+119.2°
WRE (g) 138.55% 6.17°  164.57+10.44" 161.47+ 9.35"  159.33+16.51"
WARE (g) 391.07+37.24"° 538.49+32.16"  562.10%45.37°  576.42+33.34"

REZAL (2)

273.08+21. 26*

378.24+26. 38"

404. 07 = 46. 40

417.09 = 28. 28"

BT TP I9ME = B R A 2 R L7z B o iy, —ICRlE S8 (ANOVA) #, Tukey-Kramer

VT, AEEZHE L. A 5HTp<0.01THEAED D
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2. eftXXHPMBFIAILZATO-IUEICRIFTIEE (X (a) -
1)
ABEOMBEROBKI L AF T — V7% & NHDL-I L 350 p —
25 U= VOREZE 1a, bIIR L7, 300 F
Lean#¥, Control#, WR#, BREoOME 2L A5 1 250
— Vi IX, 7 AU 2 RTL90£16.56, 273.33+ 200 |
44.19, 212.30+25.09, 192.00=15.41mg/d¢ T V), g 150 |
HDL-2 L A 5 1 — L i £ i3, Z h & h23.50= 100 F
4.38, 57.63+3.93, 51.10+3.67, 47.60+4.40mg/d¢ 50 |+|
0 L

ThHo7,

COREREMEL2E A, Control#EASLean® 125t
LTIV ATU—VEBLUOHDLa L A5 0 — VH
DOEEREM (& $12p<0.01) PFEDLNT. T2,
WRH 7% & IZBREF I Control B IR THE LR B (p
<0.01) HEDBN, 72, HDLI L A5 0 — Ui
ZoWThH, WRH, BREEIZControlfEIZHERTHE L
WA (WR;p<0.05, BR;p<0.01) 255Nz, L
L, WREEEBREOK TIX, #a21L A5a—), HDL
IVATH—NVEBIZHARLREI LD o7,

2. et ZXXPFRBILZATO-IVICRIFTRE (M 2)

NS O L A7 0 — VEREOREEZK 2 1257
L7

Lean®, Control#t, WR#¥, BREOFIHE I L A7 1
— VR, FREN12.67£2.86, 23.02+3.92, 15.19
*+4,32, 12.56+1.06mg/Liver T& - 720

CORERERIL72E A, LeanE 2k L TControl
BTk, RIVATO—VEROAFELREM (p<0.01)
ARRD b7z,

—7J5, WREEB X OBREEE 312, Controlff 2T
g2 VAT a— VlEOFEREAD (p<0.01) 25380
bz, 72, WREELBREOMICEAEREZ T2V
b O OBRIFIARMEE I 253 H 7z,

3. efbZXAFRIL 70— REEERFETTF

HBEICRIFTZE (M3)

NREREDO I L AT o —VOEEKEEOEEREZETH S
HMGRB X F2 L 250 — L2 5 JHH A~ O BAL R B
DR FE TH HCYPTAL DB AL TS BLE O RN+ 5 %
3a, blZ/RL72

KR FIEBLE & N HE T & 5 f-actinBl{n T 38 Bl
ETHBLZ#IZ, Controlfifz 1 & L72HINETRL 2
5 F, Lean®, Control#, WR#E, BR¥: OHMGRE &
THEBEIL, TNEFNI126£0.72, 1.00£0.24, 1.76=%
0.58, 1.66+0.62TH Y, CYPTALEIZTHHEIX, %
NZN1.27+0.91, 1.00+0.66, 1.21+0.79, 2.34+1.38
ThHo7,

CORRERFLALEZ A, HMGRIZEH L T
Controlf#f & Leanff M ICIXHF B L2 d v o7z F 72,
Control# (2, WREEB X BRI TH B e 8 is 3
HEOWMMM»RD 5z (WRE ; p<0.01, BRE ; p
<0.05), —Ji, WREELBREEM TIX, BEBOFER

Lean Control WR

E3

(b) 0o
60

50 F
S40 F
&

30 F

20 F

10 F

0

Lean Control
1 HERHERZOMmME I L AT 0 — ViREO K
(a) WaLAFo—) Vgl (b)) HDL-ZL AT UO— ViR
BAE I3 Tl + B HE AR 2 2 R L7z MBBERI o teid, — oAl s
Wkt (ANOVA) %, Tukey-KrameriEZ W<, FEAE%H

EL7. %13 p<0.05, * %I p<0.01THEED Y,
30 ** *
20 F
S
2
—
S~
s I
- I
10 F
0
Lean Control WR BR

2 BEFHENEOFETK I L AT 0 — VRO

B Il + B 22 2R L s MBRR o My, — ol iE
Wkt (ANOVA) %, Tukey-KrameriEZ W<, FEA%H
ELe %13 p<0.05, * %X p<0.0lTHEED Y,

I o Tz,

CYP7A1IZBY L CTix, Lean# & Control# B2 A = 7
FX o720k L, BREE CTControl# B & "'WRE
WCHARTHEZBETREHAZOHM (p<0.01) 258D
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3 KARHEINGRO Z v M T L R 70— VA B
FHEFRBAROZL

(a) HMGR#EZT-7Bli (b) CYP7A 1 #nT5Blw

BRI, TNEhOBME TR L NHEE TS % p-actinitZ T
SR TR L7212, Controlz 1 & L7-MI% LK TR L7z. $ifili
&, TFIME + FREREAEZ R L, B ORI, —JoRiiE 56
8t (ANOVA) %, Tukey-Krameri:% W<, AEEZHE
L720 %X p<0.05, * %X p<0.01THEAEDV,

[
o

[ -actin
o1 © O

Relative unit
(CYP7A1/ B -actin)

S L= e
o o v o

control

57z,

D Eo#RID, afbt KRB & Cafb T KB HUAS
WD a L 27 1 — VAT & 2218 S & 5 W etk o /R
SNz,

z =
ABFgE, AbLKBMAMIRE I BT 2T L 27
B — W AGHIC BT OWCRHIIT 5 2 L 2 Hi

L7z AHfZETIX, EWHETFVE LTL 7T v SHERE
BTy NTHBIFT vy VEHWI, 20Ty ME, &K
F& EBDITHBIRHBERL, 1 2 Y EIuELZ -
THBIR EREAA LN, SHIMmPDa L ATFa—
BEDWMT LI ENMOENT VS, L7z ->T, ZF
Ty bEHWSZ LR, EREDO 3L 27— A
BT 2bZROMEZFTMT 59 A THL TS &
HIWE L 720

KEBTIE, $IZFT7 v b ZOREMNBE LT
Zucker LeanT v b2 W, I, RO L 25

OU—)UVEZ L7225, WFRHARIZHEML Tw

70T, ZF7 v PIEGHRETH ) hOoEHI L AT H
—VIREETH B Z L 2R L 72

ZORPEEBE Z, dfbZTROMPEERETLIzE 2 5,
AL ZRBRCHF LML L BT Oa L X 70—
WMED WD DTED bz, F7z, BBREWZ & 1ZefbH
KTh, FAHEOBEIED SNz, Justobid, KiEtk
KB EZF7 v MICERSE L MPa L AT
— VL TH00, FFEFOI L AT 10— )iz
WMLz HELTWBEY, L7zd- T, aﬂ:?“ﬂﬁfﬁﬁ
T2 ZORFEIE, ERBREOL VR E T N Dk
GOREIZTTIER L, FREBROR G OREESL 2T
WBHHDEHEEL 2,

FKICIE, HEBMEL DY YR EREHELTED,
HR2ODI XS X7 B 2 BIs 5 L, ik
BIOHEI VAT — VAT 5 &) FiEDDH
B0 ZRNIE, TRAY T EOWER S A VA

WCHRTERWZ &, x5 87 ol kol
PeRTF R, LY VR ETHAETNTY VRS
OIIVREDLIAY YN TaTA OB ETHLH L
ENTW5b, R cHELNLRRIE, 5oL TR
FNTuTA Y ORELIZITITCOLRENEZ LN

$72, b RAMEICBWTFEPoa L 250 —
VEOBPIZE 5T, 2V AT — )V BEEEEF D
ZEHLTWEZEERWH L7, FRICHAR TR
ZELEUTKREBERT S 2 LT, IHERIZ AW
ke U CHRA R O B IR SR 0SB E S, #h~ o T2
PElt SRS 52 E2 6N 5, ZOME, HETaL
T\ = 5 RO SR & TUHE S 5 LBk A
0, CYP7TA1#BIAFRBENEML2H O LHELES
N7z T7:, HMGRERFHIED, ofbik - Tk
BITHWML TWzoid, FFiEthoa L A5a— LT
LDy, IV AT u—VoEEEZ#ERT 5720
WELTWwWLIDEEZLNS,

PlEn X )iz, KRS TR, EBROAREFIZEL 2
bZk2s, WETFNVT vy PBIFLIMEI L AT —)
KR ERL, CORBEPHEETVARNVICETRAT
WLMREMAH L Z L 2R LTz, T2, ZORED, X
KHRDOBEREER TN 2, FIKRHIR O BEREPE S D AH
TRIRC X 2 WTREVEATRIE S 7z,

KAFERIL, afbRkE {IZafb LK & v o 222K 80 Tk
A, ERBEDSNOEEEEZATLILERLZBDTH
D, CORBEEOMASHEH S X, AR
At & B D 228 22 R I LEDORFEICHF G T2 DR %5
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The Action of the SS Bond Formation Due to the

PDI-ERO1 to Wheat Gliadin (Glia. A)
on the Dough Formation and Baking Quality

NOGUCHI Tomohiro*'®, SHIONO Koji*?, OKA Daiki*’,
NOGUCHI Haruko** and TAKANO Katsumi**

* 1 Food Processing Center, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502
* 2 Department of Applied Biology and Chemistry, Faculty gifpked Bioscience, Tokyo University of Agriculture,
1-1-1 Sakuragaoka, Setagaya-ku, Tokyo 156-8502

Not only gluten but also gliadin plays an important role in improving the baking quality of wheat.
The property changes and bread improving effects resulting from the formation of S—S bonds were
analyzed by investigating the action of PDI-ERO 1 on Glia A. Although the time required to form
wheat flour dough is short and the gas-leakage rate from the dough was reduced, the addition of non-
treated Glia A to the dough did not have a significant effect on the specific volume of bread. Dough
containing TaPDI-TaEROIl-treated Glia A has a higher extent of S—S bond formation and a reduced
gas-leakage rate than that containing non-treated Glia A ; moreover, the specific volume of the bread
significantly increased compared to that formed by dough containing non-treated Glia A. TaPDI
processing increased intramolecular S—S bond formation in gliadin, and hence, decreased the surface
hydrophobicity of Glia A. To confirm the effect of gliadin on dough formation and baking quality, it is

suggested that surface hydrophobicity of gliadin has a large influence on the baking quality.

(Received Jul. 30, 2015 ; Accepted Oct. 21, 2015)

Key words : dough, bread, gliadin, protein disulfide isomerase, disulfide bond
EHh, N, FUTYY, TuFALYTANT A4 FAVAST—E, JANVT 4 FiEE

In the current bakery industry, various agents
are used as bread improvers. Gluten is one such
bread
produced even with flour that is poorly suitable for

improver. High-quality breads can be
bread-making if gluten is added to such flours. It
has also been reported that the addition of gliadin,
along with gluten, to wheat flour further improves
the bread-making quality of the flour by improving
the extensibility of the dough". Previously, the use
of recombinant protein disulfide isomerase (TaPDI)
and endoplasmic  reticulum  oxidoreductase 1
(TaERO1), which were expressed in an E. coli
mass gene-expression system, was reported to
improve the baking quality of bread. It has been
found that gliadin increases intramolecular disulfide
(S-S) bond formation owing to its action with
TaPDI-TaERO1?"?. These results suggested that the
baking quality of bread improving effect with
gliadin was enhanced by TaPDI-ERO1 treatment to

gliadin. This report examines the bread-improving

effect of S—S bond formation when commercial
gliadin is reacted with TaPDI and TaEROIL.

Materials and methods

1. Samples
The flour used in this study was Camellia flour
(Nisshin Flour Milling Co., Ltd., Japan), made of
hard wheat grains. Gliadin preparation was used to
obtain “Glia A” (Asama Chemical Co., Ltd., Japan).
Recombinant wheat PDI (TaPDI)* and recombinant
wheat ERO1 (TaERO1)” were prepared using an E.
coli expression system.
2. Assay for PDI activity
The PDI

6),7)

activity was measured by the

Holmgren method using insulin in the same way

as described previously?.

3. TaPDI-TaERO 1 treatment for Glia A (gliadin)
The flour was kneaded after adding a mixture (2

m¢) of TaPDI (8 U, 1.47 nmol), TaERO1 (14.70

nmol), and flavin adenine dinucleotide (FAD; 1.5

§ Corresponding auther, E-mail : tomo@nodai.ac.jp
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pumol) in Glia A (2 g). The resulting dough was
left to stand for 3 h at 25C, after which 0.1 M
acetic acid solution was added to the dough. The
dough was then homogenized using an ultrasonic
homogenizer (Hisukotoron, Microtec Co., Ltd. Japan)
and was centrifuged (10,000 rpm, 20 min, 4C). The
resulting supernatant was dialyzed with pure water
and then freeze-dried.

4. Diagonal electrophoresis analysis (non-reducing/
reducing two-dimensional SDS/gel electrophoresis)?
The formation of S—S bonds was determined

using non-reducing/reducing two-dimensional SDS/

gel electrophoresis. Acetic acid solution (20 mé¢, 0.1

M) was added to 2 g of TaPDI-TaERO1 treated

with Glia A, homogenized with an ultrasonic

homogenizer, and dialyzed overnight in water. The
extracted solution was electrophoresed by SDS-

After

electrophoresis, the gel was cut to separate each

PAGE under non-reducing conditions (Me).

sample lane, and was then subjected to a reduction
treatment with 2-mercaptoethanol. These reduced

first dimension gel samples were then
electrophoresed in a second dimension gel
(acrylamide concentration : 12.5% (w/v)). After

electrophoresis, the second dimension gel was
stained with SYPRO ruby protein gel stain.
5. Extent of S-S bond formation

The extent of SS bond formation was determined
by using the method described by Andrews, D.C.”,
which involves measurement of free SH groups.
6. Measurement of surface hydrophobicity of the

protein

The surface hydrophobicity of the protein was
method described by
Havakawa' and Bonowmr'. In brief, a 2 mé protein
solution was adjusted to 0.1 mg/mé by adding 40 ¢
of 2 mM 8 -anilino- 1 -naphthalene sulfonic acid
magnesium/0.1 M Tris-HCl buffer solution (pH 7.0).
After reacting the above solution for 30 min in the
dark, its fluorescent intensity (E.= 380 nm, E.= 480
nm ) was measured fluorescence
spectrophotometer (RF-5000, Shimadzu Co., Ltd.,
Japan). The fluorescence intensity of the dough per

measured by using the

10)

using a

milligram of protein was calculated in order to
determine the surface hydrophobicity of the protein.
7. Bread-making test

(1) Bread-making method Bread-making tests
were carried out by wusing the straight dough
method, which is used in standard white bread

production. The recipe for standard white bread is

Glia A (nontreated
or PDI treated), 2 g ; sugar, 10 g ; yeast, 8 g ;
and water, 137 ml.
The wheat dough was mixed for 6 min at 20 C by

as follows: hard flour, 200 g ;

shortening, 8 g ; salt, 4 g ;
using a pin-type mixer (National MFG Co., Ltd.,
US). The dough was then fermented under 75%
humidity for 120 min at 27 C and 200 g of the
resulting dough was molded in a molder (Wide
Fine Moulder, Oshikiri Machinery Ltd., Japan). The
dough was then put in a pan (15 ecm X 5 cm)
under 85% humidity for 60 min and proofed at 38
C. The bread was then baked in a 200 T oven for
20 min.

(2) Evaluation of bread

1) Physical properties and gas-holding capacity
of the dough The physical properties of the
kneaded dough were analyzed using Dougraph
(ATTO, Co., Ltd., Japan). The gas-holding capacity
of the fermented dough was measured using
Fermograph (ATTO, Co. Ltd, Japan). In brief 30 g
of the prepared dough was fermented at 27 C for
120 min. The resulting dough was then proofed for
60 min at 38 T, and the total amount of gas
generated (T) and dough endogenic gas (U) was
measured at 10-min intervals. The gas leakage rate
(%) was calculated by the following equation :

Gas leakage rate (%)=(T—-U)/T %100

2) Measurement of the specific volume of a
bread loaf The volume (cii of a bread loaf was
measured by the rapeseed displacement method
after cooling the baked bread for 3 h at room
temperature. The specific volume (cni/g of a bread
loaf was determined by measuring the volume and

weight.
Results and discussion

1. Effect of TaPDI-TaERO 1
bread-making property of Glia A-containing dough

processing on the

The time required to form dough was reduced by
adding untreated Glia A to the flour (Fig 1).
Moreover, the gas-leakage rate of the dough after
to 27.2% ;
hence, it can be suggested that proofing improves
gas retention (Fig. 2). When Glia A is added, the
=SD) becomes 5.
0.11, which is not a significant increase

proofing also decreased from 32.2%

specific volume of bread (cni/g;
34 =
compared to that of the dough without any Glia A
(Fig. 3 ). Although the dough-formation time and
gas-leakage resistance in Glia A-containing dough
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Fig.1 Effects of TaPDI-and TaERO1-processed commercial
gliadin (Glia A) addition on dough properties
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Fig.2 Effects of TaPDI-and TaERO1-processed commercial
gliadin (Glia A) addition on the fermentation process of
wheat dough and its gas-leakage rate
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improved during mixing and fermentation, the
specific volume of bread did not increase. The
specific volume of bread, dough-formation time, and
gas-leakage rate of dough with TaPDI-TaERO1-
processed Glia A were compared to dough without
Glia A and untreated Glia A (Figs. 1-3). Although

A B C

Fig.3 Effects of TaPDI-and TaERO1-processed commercial
gliadin (Glia A) addition on the specific volume of a
bread loaf

A: Non-added, B: Glia A added, C: TaPDI and TaEROI1
treated Glia A added

the dough-formation time was the same in dough
containing untreated Glia A and in that containing
treated GliaA, the
significantly from 27.2% in the former to 22.9% in

gas-leakage rate decreased
the latter. The specific volume of a bread loaf also
increased by 5% in the Glia A-treated dough (5.58
+0.13) compared to that in the untreated dough.
Gliadin improves the properties of wheat dough by
favorably affecting dough properties and baking
quality”. The TaPDI-TaERO1 treatment of Glia A
exerts a significant effect on the dough-formation
time, and also increased the specific volume of the
bread by reducing the gas-leakage rate of the
dough. This behavior was presumably due to the
improved extension of the dough because of the
action of PDI in Glia A ; the stretching of the
gluten films also increased due to the increase in
the dough expansion force because of carbon
dioxide generation by fermentation. Hence, it is
believed that the

because the fusion of air bubbles decreased owing

gas-leakage rate decreased

to the decrease in the collapse of the gluten film.
Based on the aforementioned results, it can be
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concluded that the surface hydrophilicity increased

by S-S bond formation owing to PDI and bond

formation between glutenin and gliadin, indicating a

reduction in hydrophobicity and improved baking

quality.

2. Effect of TaPDI-TaERO 1
properties of Glia A
TaPDI-TaERO1 treatment was carried out with

the help of diagonal two-dimensional electrophoresis

treatment on the

to determine why gluten acts as a bread improver.
Similar to an experiment in a previous work® in
which acetate extracts of bread flour were used, 30
~40 kDa and 50 kDa of gliadin was more strongly
in the TaPDI-
TaERO1-treated sample as compared to the non-

detected diagonally and upward

treated samples, respectively, in the electrophoresis
gel. Therefore, intramolecular S-S bonds in gliadin
are likely formed by the action of TaPDI-TaERO1
(Fig. 4). The extent of S-S bond formation in
TaPDI-TaERO1-processed Glia A was higher (about
26 pmol per gram of protein) that that in the

A Ist SDS-PAGE (Me-)
(kDa) 250 75 50 37 25
T | 250 |
()
2
m| 75
2| 50 -
S
L | 37 - *
wn
e}
& 25’
v =
= e ——

untreated Glia A (Table 1). To investigate the
bread-improving effect of Glia A, the relationship
in S-S bond formation and

between the increase

surface hydrophobicity ( FI/ protein mg) was
measured. The surface hydrophobicity of non-
processed Glia A was 40.1*2.1 (£SD), whereas
that of TaPDI-TaERO1-processed Glia A was 30.1=%0.
6 (+=SD), which is a significantly low value. Hence,
gliadin became hydrophilic owing to PDI In this
study, the molecular structure was altered by the

formation of intramolecular S-S bonds in gliadin,

which reduced the surface hydrophobicity. An
earlier work described the effects of dough
formation and baking quality of gliadin®?. It was

reported that when w-gliadin is eliminated from
the of
it was also reported that the

gliadin  subunits, surface hydrophobicity
gliadin increases ;
baking quality was poor when the dough was firm.
When considered in conjunction with this result, it
be that the

hydrophobic properties of gliadin are

can confirmed hydrophilic and

intimately

B Ist SDSPAGE (Me-)
(kDa) 250 75 50 37 25
250

75 |
50 [
37

25 -
—_—

-

2nd SDS-PAGE (Me+)

y

Fig.4 Two-dimensional electrophoresis of TaPDI- and TaERO1l-processed commercial gliadin (Glia A)

A: Non-Treated B: TaPDI-TaErol treated

Gel Concentration (%) :1-D and 2-D SDS-PAGE T=15.0%

™

Molecular weight marker: Precision Plus Protein

Unstained Protein Standards, Strep-tagged recombinant

(Bio-Rad Laboratories, Inc.), 250, 150, 100, 75, 50, 37, 25, 20, and 15 kDa.

Table 1
commercial gliadin (Glia A)

Protein surface hydrophobicity of TaPDI-and TaERO 1 -processed

Increase of disulfide bond Surface hydrophobic degree

formation™!
(#mol/protein 1g; *+SD)

of protein
(#mol/protein 1mg; =SD)

Non treated Glia A -
Treated Glia A**

26.4%=1.7

40.1+2.1
30.1+0.6

* 1

The extent of S-S bond formation was determined from the decrease in the

amount of-SH groups, as measured by the NBD-CL method. It was calculated by
subtracting the untreated Glia A from the treated Glia A.

* 2

Addedl. 47nmol (8U) of TaPDI, 14.70 nmol of TaEROI, and 1.5 gmol of FAD

to 2g of Glia A and reacted at 25C for 3h.
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related and their relationship affects dough-formation
time and baking quality.

Conclusion

We examined the effect of dough-formation time
and baking quality upon increasing the extent of S-
S bond formation under the effect of recombinant
TaPDI and TaERO1 to obtain improved dough by
adding Glia A for bread baking. Although the
addition of Glia A reduced the dough-formation time
as well as the gasleakage rate, it did not have a
significant effect on the specific volume of the bread
loaf. Also, TaPDI-TaERO1 processing increased the
extent of S-S bond formation, greatly reduced the
gas-leak rate, and significantly increased the specific
volume of bread as compared to those of non-
processed dough. TaPDI-processed gliadin reduced
the surface hydrophobicity because of intramolecular
S-S bond formation. Thus, it can be concluded that
the dough-formation time was reduced and the
baking quality improved because of the reduction in
the surface hydrophobicity of the dough owing to
the addition of gliadin.
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Effect of Boiling on Color and Cyanogenic Compound Content
of Unused Peach Petals
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NAKAGAWA Yuko™ NAKAO Reiko™ and IINO Hisakazu™

* 1 The Yamanashi Prefectural Industrial Technology Center,
2094 Otsumachi, Kofu-shi, Yamanashi 400-0055
* 2 Food and Nutrition, Yamanashi Gakuin junior college,
2-4-5 Sakaori,Yamanashi 400-8575
* 3 Health and Nutrition, Yamanashi Gakuin University,
2-4-5 Sakaori, Yamanashi 400-8575
* 4 Graduate school, Course of Fuimnal Studies of Basic Necétsss for Living, Showa Womes University,
1-7-57 Taishido, Setagaya-ku, Tokyo 154-8533

The purpose of this study was to evaluate color and cyanogenic compounds of raw and boiled
petals of edible peaches (Momo) and ornamental peaches (Hanamomo. Petals were boiled by the
following method ; @ boiling for 5 min in 5 % citric acid; @ cooling for 5 min in water; ® boiling for 5
min in hot water:; @ cooling for 5 min in water. Based on a comparison of the a* values of raw and
boiled Hanamomo and Momo petals, Hanamomo petals were determined to be more bright pink than
Momo petals. Raw petals contain prunasin, a type of cyanogenic glycoside ; prunasin content was
4,681 and 4,372 ppm in Momo and Hanamomo petals, respectively. However, after boiling, prunasin
content decreased significantly to less than 5.6 and 2.7 ppm in Momo and Hanamomo petals,
respectively. The results of qualitative tests for free cyanide in both boiled petals were negative.
Furthermore, a toxicity study was performed using a sample of a 10 mg/kg single dose and provided
evidence that boiled Hanamomopetals were safe for eating. Boiled Hanamomo petals retain their pink
color for 90 days at 25 C in 1% citric acid wrapped in silver paper packaging under light shielding.
These results suggest that boiled Hanamomopetals can be used as food materials.

(Received Aug. 19, 2015 ; Accepted Jan. 14, 2016)
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cyanogenic compound, prunasin
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Momo Hanamomo

Fig.1 Flowers of the edible
ornamental peach Hanamomo

peach Momo and the

Momo Hanamomo

Fig.2 Shape of the petals of the edible peach Momo
and the ornamental peach Hanamomo
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Table1 Color CIE L*a*b* of Momo and Hanamomopetals
Petals L* a* b*
Ray MOMO  BO.11+2.60 11.17+1.01 —4.36%0.16
Hanamomo 87.44+1.17 18.51+2.42 —5.16%+0.55
. Momo 81.62+6.01 14.85+0.96 —2.34+0.60
Boiled

Hanamomo 84.04+1.53 17.38+0.12 —1.12%0.01

Data are represented as mean =SE (n=3).

Table2 Anthocyanin content of Momo and Hanamomopetals

Anthocyanin content (mg/100g)

Petals

First Second
measurement measurement Average
Momo 74.5 75.4 75.0
Raw
Hanamomo 98.8 97.9 98.4
Boiled Momo 13.9 13.8 13.8
Hanamomo 16.2 17.3 16.7

Anthocyanun measured as cyanidin 3-glucoside.
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Fig.3 Change in a* value of boiling Hanamomo petals

over 90 days’' storage

Test sample : Petals (0.5g) in 5mé 1% citric acid in a

polyethylene bag.
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Developing solvent: ethyl acetate : methanol : water (20:5:4).

Detection: 10% sulfuric acid, heat treatment at 105C under
white light.

Limit of detection: amygdalin 7.5 #g/mg, prunasin 5 pg/mg.

Table 3 Prunasin and free cyanide content of Momo
and Hanamomopetals (n=2)

Petals Prunasin (ppm)* Free cyanide***
Momo 4,681+59.6 +++
Raw
Hanamomo 4,372+24.0 +++
+ _
Boiled Momo 5.6+0.5
Hanamomo ND** -

* Data are represented as mean=* Average Error (n=2).
**  Quantitative range of = 2.7ppm.
***  Judgment of the color of the picric-acid paper: reddish
brown indicates +++, brown indicates ++, light brown
indicates +, yellow indicates —.
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Intracellular Kinetic Analysis Using Fluorescence
Labeling Olive Leaf Polyphenol

KOBAYASHI Ken-Ichi*®, MOGI Yuki*, TAKAHASHI Asuka®,
AIZAWA Yumi*, SUZUKI Tsukasa®* and YAMAMOTO Yuji*

* Department of Applied Biology and Chemistry, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156-8502

The aim of this study was to establish a novel method to assess the function of food components
using fluorescently labeling strategies. In this report, we focused on olive polyphenol hydroxytyrosol
(HT) as a target of fluorescent labelling. HT, one of the major polyphenols present in olive leaf and
oil, is known to possess a high antioxidant and anticancer capacity. HT was conjugated with FITC to
the phenolic hydroxyl group (FITC-HT). Caco-2 cells were cultured on glass bottom dishes, and then
incubated with 500 gm of FITC-HT for 24 hours and subsequently incubated with LysoTracker Red
(Lysosome marker) or MitoTracker Red (Mitochondria marker) with Hoechst 33342 (Nuclei marker).
Thereafter, using KEYENCE BZ-X700 Series All-in-one Fluorescence Microscope, the imaging data was
acquired. As a result, FITC-HT was detected in the lysosome but not in the mitochondria and nuclei
of Caco-2. And, FITC and fluorescein were not detected in the Caco-2 cells, suggested this imaging
data of FITC-HT is dependent on the formula of HT. Thereafter, we concluded that cellular imaging
using fluorescent labeled food compounds is a powerful tool to analyze the effect of functional food
constituents.

(Received Aug. 26, 2015 ; Accepted Dec. 18, 2015)

Key words : polyphenol, hydroxytyrosol, olive, intracellular kinetic analysis
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Model Rquation

1 =0, consumpyion rate MRo, = —1.882 [0.] —95.03 [CO.]"*+60.82 [0.]"*+0.241 [CO,J)*—0.563T - [0.] +129.02

2 = CO. evolition rate MRco, = 0.415"Ro. +22. 95

3 = CO, evolition rate MReo, = 55.1 [0,]'*=0.366 [0.] - [CO,] —0.822T - [0,] —1.606T +66.51T"*+0.13 [CO.]
—1.464T - [CO.] —88.91

ROJMBEHTHBHIE, Reo. @ MRALGHHE AL
[0.] MeitrE, [CO.] —Mfbpeskinps, T:Mrsisi (H)
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02 consumption rate
calculated (cc/kg * hr)

Y=0.985X, r=0.956

Y=0.987X, r=0.904

CO: evolution rate, calcilated
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02 consumption rate, experimental CO: evolution rate, experimental
(ce/kg - hr) (ce/kg - hr)

1 K1 ORFED EFHR LT & FEOHE

25 r 600 mm ——
20 0: O Actual, —Predicted 85flm MY - center seal part
e CO: @ Actual, ‘--Predicted
g’ OPP bag
= 15
o fused part not-fused part
E 0.4 mm 0.6 mm
Q
§ 10
8
&}
5 ey @ T ® ot o e
0 oo L L r\ © L o |
0 2 4 6 8 10
Storage time, day
2 EEHEB LUOTBbRFREZ O TFHIME & FEHE

(F1DEFNV1E 212X VFHE)

seal part

3 X=Xy =B

£2 20CT5HEER L= O&NF AJLE L gy

Gas concentration * Occurence (%) * Contents (%)2z**
Packaging 0 co Yell D Ascorbi Offflavory
2 2 ellow ecay scorbic Score
(%) (%) leaves leaves ~ Dhlorophyll Sugar acid
Partial seal 5.3+%0.3% 11.4=*0.2 0.6+0.3 0.3+0.2 94.6*x1.1 79.5%5.9 83.7*x1.4 0.0x0.0
complete seal 0.8%0.0 8.0x0.2 0.0x0.0 0.3+0.3 93.9*x2.2 92.0*x6.2 87.7x3.1 2.1x0.2

Perfpration (0.05%) 18.9%0.1 1.1£0.2  69.8*3.6 52.4*2.9 77.8*2.7 48.1+*2.5 55.6*2.7 0.0%0.0

z Percentage of initial (78.9mg/100g FW for chlorophyll, 0.92g/100g FW for sugar and 25.2mg/100g FW for ascorbic acid).
y Score; 0: no offflavor, 1: slight off-flavor, 2. moderate offflavor, 3. severe off-flavor, 4. extreme off-klavor.
x Mean=SE (% : n=10, %% : n=6).




(31) e B WRYOEX - R oM ERE 31

ThHbILWbholz, 10

FD%, FTNOHLDOETNEMST, =¥ LT —) TR
AEE LW FEW A 7 4 VAT A5 % T - Lr
7o BBV O —AEKoXr ¥ —Y—u—5—0EH
WIREZEZHZEICE T, ¥—VEICHM 2 228 %2 D
<h (M3), BOHTREBRMEZNEST L L TENT
A EE % T RN 8 L 72 TR PR SRR L CREBEIRFE A X
LRI EMABEBNTH L (F2)7,

Z DFA TSN S AR TG F KA H AR 2 X B
HezH3INh, BAETRENEDO=S, 2AFXDOWUETIL ‘ ‘
CEREENTWS, T2, A7 bwY, =¥~ R, ¥ 0 10 20 30
A Z 00 2O T b BRI iRl 2 WS JH et (Hz)
DWTHHIZERETT A Z EXTRETH - 720 K4 HAXRYYa ryOfFIZL S ETIRE)O LKL

. ERMDO-ODEIEL
EE okt 10
FRYWO 120 OBIE LR uiixst 179 72901213,
Wik OIREY - BN 2T D% T UE % 54, IR L b
FhF v 7 OYANRY Y g YRR L, EEEHREEE O
B, HEOBM L EAVER, IRE - B D K E S
AL TELZ EAWE SR TV, 22T, ERO#F
WP OIS - HBE EORBEAXEIILZ (K4),
K51, EMREEEICIES M OIREYEE R L7
5 v ¥ MEBRBEORERY BN E LT, 4 FTEBIC
WY _EVPS- Nl B 7= 38050 2 2 8 L 7= gk g o
BEIBCOWTHE %475 720 Bist{L L 72PSDIE % 10-3 ‘ ‘
HwvC, HHEHPSD (a), ¥—2ZfEPD (b), 4 F = 0 5 10 10 20
DIEMGEE ZR L7PSD (0) DEWHOLEE T -7 JABR (He)
g okt LCaTid, 0.3774%, [ U {bTId1. 826 BI5  WIRAFRLEAPSDIC K5 R
ThY, HEETEE LR EMORE L 2o
72 (H5). 600 ¢
Z0%, EBoWEF ok, HEEFHILTELLD =
RIS A L, SRR LA, BRI, A @ 0T
N 500gE Ny 2 20k AN BEAR— VA E 3 400
DI L 72T IRICHATHEESHIZ 2 51 5 B, BHL0FEHRE = 300
L72RIZT 5 2 & TR FXDBEAR—VIZBWTHE TR & 200
OFEINELE % (2T LSRR IRIRT 5 2 L AW hE & & 100 | Y RN
D, FEHEERFOF Y P HEREL RS (YETE L | L
S BWL R o7 (6. LR - ”
EHICINSDEMEZTICERE TOHRBIHBRZ TV, ETES (cm)
IET AV A& M LEEROBKR = VNORKDEE g6 wppmokor i FHERIKIESCRIZTEED
ZUBIENWEEFTFH & &I, EROREEL -
THBBEH LI OWTIRELEY ™, F72, Flo
WETix, 4 F2, 4 boSoREMEECLFHH BY, CoRBEAABEOL Y 28y 2 BEIZART
FAWRE R RERIE LT, M7 4 LAY — FEREE BRSO EHEHAZEICREEL TV,
LT I5AF Y 2 NERBTLET 2O REL AL & 5. % 0
S CEET 2 AERED S 0% R THEIE L. Wik .
CRESE D ERNROIE N TREEZ AL 2 VE Y RERET ORI, REEEOSRE KT S
TELNEV) EZAPEHILDORL VP EehoTWb, 7OOEBEHEE LT, LEVRENENLS PSS v 2
BAETIE, A FTR4Y PP ICBOTEAYBE-T 3%, BET AV TOWGE, Hii0 T COMICREIl ST

T
1071 — ]}—7“}1';(

—%— VY — 7
—o— G % Z K
—o— BT

10*1 L

PSD (m?/S?)

1021 )




32 H A £ in BB 7 &

VOL.42 NO.1 2016

(32)

HEBIZOWTHRET L72Y, 8512, LTV OEHIRE
RFETIREEE UCMPGEE 2 5 L, DR O T S
BILOWHEEDLP O BERT ETICLE VYV RESZIT A HE
LB R & OBRICOWTIRE T 5 2 & T, Bt
DFWREEK T E 52 fRTE Y,

4. B b VI

COEEIIOL) R EHLEEHE, KEHIILL,
HRICES>TBY T, TRIVAZE T L-FMRICIE
OB LTRCE#EZ R L LIFET,
SRIZDE D ERTENZ EF, SHOBZEGHIC
EoTKRERAELRDLLDTHY, SHEDRHELT
WSHIFTBY 90T, §lEma THE - TR
AL BHOEL T,

BRI, CNFCTHEHRXF LAHLELZILD
W% L2 CHEF L HAICIECDB2EN TELM
LR L EFE 9,

X ®|

1) Al & Al E - AsFH - FH F I MA
(Modified Atmosphere) W71 v I3 — O NIKEF
fili, HA®WIEAE, 1 (2), 143~153 (1992)

2) Ismikawa, Y., Hasecawa, Y., Nakajma, H. and Isa,
Y.: *Prediction of In-Package Gas Composition
Changes in Stored Vegetables and Fruits, Food
Preservation Science25 (6), 267~292 (1999)

3 ) Ismkawa, Y. and Hmrata, T.: Color Change
Model for Broccoli Packaged in Polymeric Films,
Transactions of the ASAH4 (4), 923~927 (2001)

4) ARFFE - WG - H)I B - SUEE - RHEB
#i S uE OS—vy vk k=7
D FERFFEAM OB %, HA MR A aEE, 29
(3), 144~146 (2003)

5) SEARIFE - HEE - ANl & - SRR - LHEB
CNVALEE @ 2 ZE - INP - A A R EEEE53
i, HARmMOERESEE, 32 (1), 23~27 (2006)

6) A B JEEE - FE B - B OREEE - SRR
# (CFDIC X Z2HMfL7 1 V2D — b ¥ — Vil
fENT, HAWEESSEE, 18 (4), 271~279 (2009)

7) BRGH - EmREE - A & Bk - SRS
P S Y b Y — VR X B T R ORERE R
i, HARWEESSEE 19 (3), 215~222 (2010)

8) Al & duEmH - ZXGT - S /D74
LUEIZE BT by ORI, HARZmIREK
ek, 34 (6), 311~316 (2008)

9) BERMEAT - A & JLEERE - E R - REE
T BED D Y XOWMILT 4V A E Iz
HBARMAWESM, BARLMFHE LY 40E, 60(6), 295
~300 (2013)

10) Lt Y. Ismikawa, Y., Kirazawa, H. and SATAKE,

T.: Effect of high-oxygen packaging compared

with  perforation-mediated modified atmosphere

of fresh shiitake
mushrooms (Lentinusedodes), Society of Agricultural
Structures Japan 43 (3), 89~96 (2012)

11) L1 Y., Ismikawa, Y., Satakg, T., Kirazawa, H.

packaging on the quality

and QIU, X.: Effect of high-oxygen packaging on
respiratory physiology and sensorial qualities of
fresh shiitake mushrooms ( Lentinus edodes ),
Journal of Food Researct2 (6), 89~96 (2013)

12) Li Y., Ismikawa, Y., Satake, T., Kirtazawa, H.,
Qm, X. and Runccmane, S. :
modified atmosphere

Effect of active

packaging with different
initial gas compositions on nutritional compounds
of shiitake mushrooms (Lentinusedodes), Post-
harvest Biology and Technolog§2 107~113 (2014)

13) FIHEE - fEARIE - Al 8 - VTR © R
D 3 RICEHEIRB S I 2 L — ¥ 3 ¥ D72 DIEERZE,
MRS REE, 36 (4), 205~212 (2006)

14) HHE - AR - Al & - RS - 5219
DIBGMEEZE L7727 ¥ ¥ AREEABRE OB, B
Migk 7k, 37 (1), 3~9 (2007)

15) Lu, F., Ismikawa, Y. Sumnna, T. and SaTakg, T.:
Analysis of shock and vibration in truck transport
in Japan, Packaging Technology and Science21 (8),
479~489 (2008)

16) Ismikawa, Y., Kirazawa, H.

shock

transport

and Sumna, T.:

Vibration and analysis of fruit and

— Cherry from
Yamagata to Taipei—, Japan Agricultural Research
Quarterly, 43 (2), 129~135 (2009)

17) Lu, F., Ismikawa, Y., Kirazawa, H. and SATAKE,
T.: Effect of wvehicle shock and
vibration levels in truck transport, Packaging
Technology and Science23 (2), 101~109 (2010)

18) Lu, F., Ismikawa, Y., Kirazawa, H. and SATAKE,
T.: Effects of
transport vibration levels, Journal of the Society
of Agricultural Structures, Japan (SASJ)41(3), 103
~110 (2010)

19) ANl & - JeEmH - S8 0 AME & AT E Ol
B, H AR PR R & RE 39 (1), 25~30
(2013)

20) AN 8 JLEERY] - BRI D Y b RS
WA BB )) LR AR, HARE RIS
ik, 38 (3), 135~140 (2012)

21) Lu, F. Ismikawa, Y., Kitazawa, H. and SATAKE,

vegetables transport

speed on

sampling intervals on truck

T.: Measurement of impact pressure and bruising

of apple fruit wusing pressure - sensitive film

technique, Journal of Food Engineering96 (4), 614



(33) G 3t

HARY OEE - PR O S E R 33

~620 (2010)

22) Lu, F., Ismikawa, Y., Kitazawa, H. and SATAKE,
T.: Impact damage to apple fruits in commercial
corrugated fiberboard box packaging evaluated by
the pressure-sensitive film technique, Journal of
Food, Agriculture & Environment 8 (2), 218~ 222
(2010)

23) Lu,, F. Ismikawa, Y., Kitazawa, H. and SATAKE,
T.: Assessment and prediction of repetitive
impact damage to apple fruit using pressure -
sensitive  film  technique, Journal of Food,
Agriculture & Environment 10 (2), 156~160 (2012)

24) Kirrazawa, H, Isnikawa, Y. Nakamura, N, Lu, F.
and Samna, T.: Improvement of packaging to

reduce deterioration of peach fruit caused by

vibration, Food Pregrvation Science34 (6), 331~336

(2008)

25) L@ - A B pNER - fERRK 47T

i W OIRBERE L3 2 8 7o 7 AR T RE,
Frfaat, 34 (1), 19~23 (2008)

26) Kirazawa, H., Ismikawa, Y., Lu, F., Yaounua, H,
NAKAMURA, N.

H A i PR

and Smmna, T.:  Alleviation of
strawberry bruising due to vibration using 1 -layer
packaging with cushioning, Journal of Packaging
Science & Technology, Japan9 (1), 33~42 (2010)

27) e - oA 8- B - #H O - PNE
B MR L A F Tk o E BT & R4 T
W, EZ=EE7E, 9 (2), 221~227 (2010)

28) WHHE - A & - JLEH - B - RBUF
T MR A S ER E TOMIZLE Y RENR
VF B R, BZEApEgE, 9 (1), 107~112 (2010)

29) WWHHM - Al & - RRES - EE # - s
W - e PR OB L v REWE T OIS
W DFERAN BT $ 08, FZ=5eiEsE, 10(1), 93~100
(2011)




	◇０　目次［三］３．２
	◇１〔報文〕山本［三］
	◇１０~1
	◇１１〔維持団体会員名簿〕
	◇１２〔原稿送状〕
	◇１３〔投稿規定－奥付〕
	◇２〔Ａｒ〕野口［再］
	◇３〔技術報告〕樋口［再］
	◇４〔技術報告〕小林［三］
	◇５〔総説〕石川［三］
	◇６〔文献抄録〕［再］
	◇７〔本会記事〕［三］
	◇８〔会則〕流用
	◇９〔記載要領〕流用

