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In this study, we determined the quality changes (surface color, and r-ascorbic acid, carotenoid, and
chlorophyll contents) and drying rate during far-infrared drying and hot-air drying of Komatsuna
leaves. Three different drying temperatures ranging from 44C to 55C were employed in both
methods. Cumulative temperature was used as an indicator of quality change. The measured moisture
content changes under each set of drying conditions agreed with those calculated using an exponential
model. An Arrhenius-type equation was used to establish the relationship between the drying rate
constant k& and the average surface temperature during drying. Under the ideal drying conditions, the
cumulative temperature at the sample surface served as a useful index of the decrease in the L-
ascorbic acid content. In addition, the surface color of the Komatsuna leaves changed to a lesser
extent as the cumulative surface temperature decreased. Etiolation of the sample during drying was
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caused by the decrease in the chlorophyll rather than the decrease in the carotenoid content.

(Received Mar. 6, 2013 ; Accepted Aug. 5, 2013)
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Table 1
during each drying
cumulative temperature calculated from equation (1)

The relationship between surface temperature

of Komatsuna leaves and

Surface Temp. Cumulative Temp.

() (C-h)
49. 3 d 4.76 X 10
Far-Infrared 53.6 - 4.25% 10
54.5 3.82x10°
44.4 d 4.68x10?
Hot Air 50.2 — 4.24 %10
54.3 nd 3.93x10?

Surface temperature means average temperature of the

sample surface during drying.
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Solid lines show the calculated value from exponential model.
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Table 2 Drying rate constants k and root mean
squared error (RMSE) of the exponential model by
far-infrared drying and hot air drying

Surface Far-Infrared Surface Hot Air

Temp. k(h) Temp. k(h™)
49.3 0.458 44.4 0.403
53.6 0.629 50.2 0. 692
54.5 0.631 54.3 0. 808

Surface temperature means average temperature during
drying.
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Fig. 6 Arrhenius plot of the drying contents k& vs. the
reciprocal of drying temperature 1/K for Komatsuna
leaves
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NTHWHEIE 2>Twa, 72, BEREIKEVIE
E, -7 AINVE VEIRAAESKE WA SN,
Table 1 &V, KRR THEEL/ZI XY T OWEBIZBWV
T, FEMEEIK L, 2 ORRREE R WIZ SRR
EWRKEL Do ZD7280, Kilih2 R H O
(BEREIRKEVEMS) I2BWT, o<y Figkinit
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surface temperature and the residual ratio of L-
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Each value is mean=S.D. (n=4).
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7 B REVEAVR Sz
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/1 P OREFR

WL IRRIR S BT B EAE, BECH, MR L
HALEE YT Ofii % Table 3 1278 § o HZIRHIARIC BT 5 07
&, ERIREZIEB X ORI O VTN OB S
BWTH6.2~8.0T, ZHIFEEDOEBEMWEHTIE [K
WIZEBRL ] LRV ERDY, ZNENEEEZIRON
Bholeboo, EHMREFLEATS (Thbb, HEih
BERENRL ) LB IEOBLEI PR 2D
A S NIz — IS, HEIVNIVIZEHmEN LW
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Table3 Color changes in fresh and dried Komatsuna leaves by far-infrared drying and hot air drying

Far-Infrared Hot air
Surface Temp. ()
Fresh 49.3 53.6 54.5 44.4 50.2 54.3
AE 8.03+0.44 6.87=0.41 6.24%=0.79 8.00=0.84 7.56=0.65 6.55=0.54
c* 17.7x£0.72 21.3 £0.58 21.7 £0.59 20.1 =0.81 19.4 =0.50 21.4 £0.45 18.7 *=0.61
h° 123.3%+0.79 111.8 £0.57 109.5 £0.77 108.9 £0.76 111.5 *£0.57 109.7 £0.62 109.5 £0.96
YI 54.3%0.92 100.8 *£3.31 119.3 *£4.52 120.4 =5.87 99.0 *£4.37 119.4 *£4.83 104.7 £4.22

All values are mean=S.D. (n=20-30)

Surface temperature means average temperature during drying.
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Metabolic Analysis of a Phosphotransferase System-deficient Strain
of Lactobacillus plantarum NCIMB 8826

SATOH Eiichi*, KAJIKAWA Akinobu®, OKADA Sanae* and TSUJI Akira**

*  Department of Applied Biology and Chemistry, Tokyo University of Agriculture,

1-1-1, Sakuragaoka, Setagaya-ku, Tokyo 156—8502

It is important to consider not only biosynthetic pathways but also the sugar-transport system in
order to construct a substrate production system for bacterial fermentation. A phosphotransferase
system (PTS)-deficient strain of Lactobacillus plantarum NCIMB 8826 was obtained, and its sugar-
transport properties were compared with those of the wild-type strain. Based on metabolic analysis,
the wild-type strain was found to utilize 13 kinds of sugar via the PTS. Four kinds of sugar, which
are thought to be taken up via non-phosphotransferase systems, were also utilized via the PTS. Since
the PTS-deficient mutant was able to utilize only glucose and maltose as carbon sources, non-
phosphotransferase systems were considered to be functional in the mutant. The PTS-deficient mutant
lost the ability to utilize several sugars. Thus, the ability of the wild-type strain to utilize a variety of
sugars depends on its PTS. We also found that disruption of the PTS affects the biosynthesis of lactic

acid in the mutant strain.
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EHEE L CRAM L Bl % v, BBEEOMERE L
THHT 5 720N OB OLEZTTE L,
HHTH HPEDOHCAREIIC T AL BN 5 2
LIITET, SHLREEZXERYOPHERE T2 L&
BHIZE W SRIEN R RE RO b b,
CCTHREONEAALFERIIEH LTHRD E, BEWIC
B BHEONGAKRRERIE, —RIVEEEIHE, ZXKIYHE
ik, RARNTI VAT 2T5—E¥T AT L (PTS) @3
DITKRINENEY s TD % THIRE O L2 BEIOA K
R IIPTSTH 5 & ¥ b, PTSIEEnzyme 1 (ED),
Phosphocarrier protein (Hpr), ABCOY¥72=v
5B %5Enzyme 1II (EII ABC) ® 32 D45 & i B
ENTEY, FAKRZ ) —VEVE VY EBEZELVE VERIC
T BB LCREER ) VEREL, Y UERE L
THIBWNICIAL 720 DR TH S (Fig. 1), F 72EI
EHprid 3t L T 1O 24T 5 DIx L, EINZR
AU LRI TH Y, TofEHIE U CHEEMEAF
35, BWEMOEIEHprz 2 — N3 58T %2 1l
2, Ell# 32— F 358 F225HMRFEL T 5B Z LN
B LCTW2Y I OEIOMIET TI2PTS OB A
M & N T v b Lactobacillus johnsonii X Lactobacillus
acidophilus7a EMOFLBHE L LLXTDHL LW, 2D,
PR S M i 2 AT ICFHTE % &) RN
ENOMHIERT L EEZ N5, LA L, PTSHNL
T LUDFRBEREICBIT2ENIHEOHCAAZEITH 5 &
ERSF, 2 AR 2% & THRITGAARER 2 PTSH 5 3
PTSRICUINIRZ 52 &TT I/ BROFEEHNHEL M E L

Glucose
Hpr-P
Gluco.se-6-P Hpr
v EI-P
PEP
PYK
PYR *=-%» Lactate
v
Fig. 1 The metabolic pathways related to

phosphotransferase system in Lactobacillus plantarum
NCIMB 8826

EI; Enzyme I, P; Phosphate, Hpr; Phosphocarrier protein,
EIl; Enzyme II, PEP; Phosphoenolpyruvate, PYR; Pyruvate,
PYK ; Pyruvate kinase.

2L OHEND LY, FOid, BAKICBWTHPTS
DOWIRIZ &0 R 2 MMOBEPA AR 2 FET 52 &
TR OBENARICERETE 2 REND 5.

Z 2 CAMZETIX, PTSOEL® T 2T 5 2 L1C
L D PENGARBE Z RN S 722 E R E2EH L, PTSHHE
R & B ERR O RN A S L. plantarum NCIMB 8826
PEPGAR R EHO NI T BT LI L7,

X B F &
1. #HEEKRS LUES

BF A BRIIMRSHE AR H (Difcoth ) % HW37C THE
W L7z, F72, MBERE BRI IZYPE L (Yeast
extract 1 %, Polypeptone 0.5%, CH,COONa - 3H.O
0.2%, MgSO, + 7TH,O 40mg/mé MnSO, * 4H,O 2mg/mé,
FeSO, + 7H.0 2mg/mé, NaCl 2mg/mé, Tween 80 50mg/
mé, pH6.8) Z AR E L, Z N2 1 2% DHE (p-Glucose,
D-Fructose, p-Mannose, D-Cellobiose, D-Lactose, D-
Maltose, p-Sucrose,Salicin, p-Trehalose, p-Mannitol, D-
Sorbitol, p-Rhamnose, p-Ribose,Gluconate, Galactose,
Melibiose, Raffinose, Melezitose) %ML 7z d @ % H
W7z FHRE % G L YPH H10meIZ 14~ 16RF R AR 28 L
ToBP AR E 2 I XPTSHE E 1 om$EfE L, 37C CHE
R L7z 72, BZHEML T WYPH %2 T
FIRRICEE R L7z b o2 s lipk s L7z, BiBICB L TidT
yz2au<A4 Yy (Em) #5pg/mlll7% 5 XML
720 HIR DOZEGHT240FHEEFE L, 660nmiZ BT 5 Wtk
ORPERE R OB 2 HE Lz —T7, ARG
BT, BT I ITMRSE: 1 %2 FH v CTRE B S I 5B &
[FARRD Sk TR E L 72
2. ERBZFRIBHEOEY

Staphylococcus H Kk DI EE =7 F A 3 FpBT 2 %
#Fizzy2zu~x4 vy (Em) MEEETZE R~ -
—E LTS X ICHR LT T A I FpBTEXR R
L72Y %9, pBT2%Sna Bl Eco RVTIHIL L, HIR
Wiz gr2ETrug sy o= a—)ViitEEET =2 B
# L 72pBT2ACm 7% % L 725 pBT2ACm% Sma 1 Tl
b L, pE194HIKOEmIi P #IzT" % A AApBTE%R
RS L 720 KIS, WAKROGAADNAL ELRIE T O
L d & T IR 300bpE E N FNPCRIEIZ X D HL
FL, 2o ODNAWH % #5552 &L CELEE T O
WERELH % Bk 25 L 7289600bp DAEL & VERK L 720 & DAEL
% Pst 1 & Bam HITIHALL, [FHIRERICZL YHELLZ
PBTEIZHAAAR, wMEWICELEETHREH 77 A F
pBTE :: AEIZ % L7 (Fig.2)o TOTIRAI V&L
L7 eRL— g VB ) BAEKRIOE R LY,
ZHAR AR 2 312 &) BAEKROELE R T & I
L7256 (DL, PTSHERR) % /EH L7
3. FFPTSREEGEFOREEMIT

FNa—ZAF72F< 0V b — A ME—OREF L LZYP
Biith 2 me\ 214~ 16WF R FTRE 28 L 72 B9 2R 0K £ 72 13 PTSHEE
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from pE194 EI gene 5- and

3-flanking regions
BamH] AR Pstl

Self ligation l

Fig. 2 Construction of a gene disruption plasmid

Mea 1 %ML, 37CCI2REMIEER 28 L 72, SR8%4%
TR 72 WAk 2 SISOGEN 1T (HISEALSE T3 8) %
WTRRNAZ B L 72, 15 5 N 7-MRNAZ §7 812 ¥
EREFE %\ TcDNAZ &K L EERT-PCRIZHE L 72,
COEENTIAF—Y Y TBIZT THH16S rRNAEL
TORBREZ NS L, M2 % T L7,
4. HPLCIC & 2 HHBMA T H SUREED T

Bi 22405 1] 2 0 B 2 2 mé % 5 0 40 #E L (15,000
rpm, 1min, 4C), hLEHOEEKEE%*HPLC (Waters
2695 Separation Module, Waters 2996 Photodiode-
Array, % 5 A ; Rspak KC-811, Rspak KC-G, # @)
5 0.08% HCIO) &Y 5 L7z 72, BT O
b HPLC (Waters 2695 Separation Module,
Waters 2414 Refractive Index Detector, 774 ;
Shodex Asahipak NH 2 P-50 4E, ®®# ; 75% CH,
CN) I2& il L7,

1. PTSEHEMRDIEH & VERRBMAER

PRI O FLRE R & FiR LT b B R B A A
MET2RIZTASERALTED, BRAIBWTY
£ OWiEBILT LI LD TE D, ZORIGAAREIE
PTSICRH L TR EEZ 5N5HO0FMIIAHTD
b TDI2®, “HIZHRMR R P & ) FEKOEL
BET 20 L7228k (DT, PTSHBE) Z1EHL,
AR RRASE AL BE 2 1STE B O ME O FEEME & LR L 72
(Table1),

T3, PTSEALCHGAE NG L2 SN A 11HHO
WDHIL, JVT F—X, VIVE b=V & 9 FEHOW
EME—DRFWRE LGS ICPTSHEMRIIAT T A2 &
NCELholze 2O ENE, WEHITINS 9 FEIH
DOFEZPTSO A ZFIH L THIBMNICEGAA TWS Z & 28
MR E Nz, 72, PTSHEERKRIZZ S oo T

Table1 Carbohydrate utilization profiles of the L. plantarum
NCIMB 8826 and derivative

Sugertype Carbohydrate Wild type Mutant

PTS p-glucose ++ +
p-fructose ++ -
D-mannose + -
p-cellobiose ++ -
p-lactose ++ ++
p-maltose ++ -
D-Sucrose ++ -
salicin ++ -
p-trehalose ++ -
p-mannitol + -
p-sorbitol ++

Non-PTS p-rhamnose ++ +
p-ribose + ++
gluconate + ++
galactose ++ -
melibiose ++ -
raffinose ++ -
melezitose ++ -

The carbohydrate utilization profiles of L. plantarum NCIMB
8826 and its derivative were determined after 24 hours
incubation. The ability or inability to utilize carbohydrates is
represented by +or —, respectively.
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PTSH I LEEOIPTSHR A AL THEX AL 2 & T
HEFLTWwEEEZOLNSL, £ T, PTSHEEHKICBW
THEEPRATX N I— RV F— ADHERE
ORI E % EERT-PCRIZ X b kL 72,

PTSHHEMRIC BT B 7NV I —RA Y v R— ¥ —BIET D
SHE (HXME) 133.1520.53TH 0, HAEKDNL 11+
0.1612K L TH2. 85D /R L7z ZORBED LA
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CNFE TOWFAE & PTSHIEM D LI A S, PTSHIE
HTIEZ NV I — ZADOHNARRERIZALL TnE EER DS
Nb, 22T, ZNVaA—A%Me—DRFZJE L72WE0
WA bk & PTSHEEMR O ACHENT 2> 5 Wik %2 HLR L 72,

ZORER, AR L PTSHEEMR O A F % BRI I TR
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WP A=k & PT SRR 0 LI Az PE B 13 48 FE [ 55 28 HE 13

Table 2 Organic acid concentrations in a MRS medium
produced by L. plantarum NCIMB 8826 and its derivatives

L. plantarum Time Fermentation product (mM)

strains (hour)  Lactate Acetate Acetoin

Wild type 24 170.3%=0.61 0.83x0.02 6.13%0.45
Mutant 141.1+1.34 0.83%£0.02 5.62%+0.26
Wild type 48 190.1%=1.85 0.88%0.05 6.73x0.34
Mutant 189.9+£2.63 0.89+0.04 6.68+0.57

Values represent the mean and standard error derived from
three independent experiments, with each experiment
performed in triplicate.

120
100+
801
60 -
40 -
201

Glucose consumed (mM)

0 12 24 36 48
Time (hours)

Fig.3 A: Cell growth of L. plantarum NCIMB 8826 and derivatives in a MRS
medium, ascertained by measuring the increase in optical density at 660nm

B : Glucose consumed

of Lactobacillus

plantarum  NCIMB 8826 and

derivatives in a MRS medium, ascertained by using Glucose C2-test kit (Wako

Pure Chemical)

These data are mean of three independent experiments and those in parentheses are
standard deviation. Symbols : &, L. plantarum NCIMB 8826 ; [, L. plantarum NCIMB 8826

AEL
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Effect of the Molecular Interactions between
B-lactoglobulin and Gliadin on the Baking Quality
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In this study, the gliadin that is water-solublized by the action of B-Lg was identified. As a result, it
became clear that B-Lg specifically interacts with the most hydrophilic w-gliadin in each gliadin (o, B,
v, ®), and the w-gliadin is desorbed from gliadin aggregates and becomes water-soluble. In contrast,
regarding the recovery factors of baking quality using heated skim milk, where B-Lg forms a heated
complex with x-CN, the specificity of w-gliadin is negated due to k-CN’s high affinity to each gliadin;
thus, desorption from gliadin aggregates is inhibited. Furthermore, when gliadin which w-gliadin was
removed, was added to wheat flour dough, the formation of the dough becomes poor and gas
retention of the dough reduced. It became clear that the degradation of the bread with skim milk is
caused where -gliadin is desorbed from the gliadin aggregates due to the action of B-Lg.

(Received Feb. 21, 2013 ; Accepted Aug. 8, 2013)

Key words : skim milk, B-lactoglobulin, x-casein, gluten formation, hydrophobic interaction
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Skimmed milk is added during the manufacturing
of bread in order to improve the taste, flavor,
baked color, and nutrition”. However, skimmed milk
has been subjected to heat treatments such as
spray drying and sterilization in the manufacturing
process, which can affect the baking quality. When
using skimmed milk subjected to lower temperature
treatment, degradation in baking quality such as an
increase in crumb hardness and volume reduction is
observed*”. By contrast, high-temperature treatment
suppresses this degradation of baking quality” .
Previously, the whey protein, o-lactalbumin (o-La),
and PB-lactoglobulin (B-Lg) were shown to degrade
the  baking their
Furthermore, by heat treatment, whey proteins and

quality in native  state”.
k-casein (k-CN) form a complex via a disulfide bond
(SS bond). This removes the factors that have a
negative effect on baking quality”. In addition, it
became clear that although a fraction of gliadin
becomes water-soluble by the action of B-Lg, this
solubilization is suppressed when PB-Lg forms a
complex with k-CN”. Thus, it was presumed that

the bread degradation was caused by water -

solubilization of gliadin.

In this study, the gliadin that is solubilized by the
action of B-Lg. Novel findings regarding the effect of
water solubilization of gliadin on the baking quality.

Materials and Experimental Methods

1. Materials

The milk source was obtained from Holstein,
raised on Fuji farms of Tokyo University of
Agriculture. Milk fat was removed using a cream
separator with heating conditions at 40C to prepare
unheated skimmed milk before use in the study.
Bread flour (Camelia; Nisshin Flour Milling, Tokyo,
Japan) was used as the flour source.
2. Demarcation of milk protein

B-Lg was purified based on the method described

by ASCHAFFEBURG et al.”. k-CN was purified based

on the method described by Icarasur et al®”.
Samples were then prepared by freeze-dehydration
(RLET-205 ;
Japan).

3. Demarcation of gliadin

Kyowa Vacuum Engineering.,, Tokyo,

Based on the method described by HERBERT et

§ Corresponding author, E-mail : tomo@nodai.ac.jp
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al ™ 0.1M phosphate buffer was added (pH?7.86,
0.4M sodium chloride was included). After removing
albumin and globulin by washing, gliadin was
demarcated using a five-fold amount of 70% ethanol
solution. Thereafter, it was dialyzed with water,
centrifuged (6,000 X g, 20min, 20C), and then the
precipitate was freeze-dehydrated to obtain samples.
4. Analysis of the solubility behavior of gliadin
B-Lg solution (5mg/mé) dissolved in 0.1M phos-
phate-buffered solution (pH7.0) and the heated
mixture of B-Lg and x-CN (10mg/mé, 5mg each) was
added to 5g of gliadin and kneaded. Subsequently,
the solubility behavior of gliadin was analyzed
according to the modified method described by
FANCES et al”. Next, 5m¢ of deionized water was
added to the mixture of gliadin and milk protein.
After dispersion in a homogenizer (Physcotron ;
Microtech, Tokyo,
obtained (soluble demarcation, S1) by centrifugation

Japan) the supernatant was
(3,500rpm, 20min, room temperature). In addition,
50mM Tris hydrochloric acid buffer solution (pH7.8,
S2) was added to the precipitate, and the same
procedure was followed, in order to sequentially
obtain the following soluble demarcations : 50%
propanol solution (S3), 0.1M acetic acid solution (S
4) and 1% SDS solution (S5). Each demarcation
was analyzed using a 12.5% SDS-PAGE (Me+),
and gliadin was detected by western blotting using
anti-gliadin from mouse CE-3 (Cat. No. CHO13;
Cosmo Bio, Tokyo, Japan) for the primary antibody
of gliadin, and anti-mouse IgG HRP-linked whole
antibody from sheep (Cat. No. NA931; GE Healthcare-
Japan, Tokyo, Japan) for the secondary antibody.
5. Analysis of N-terminal amino acid sequence
After SDS-PAGE, the gel was transferred to a

PVDF membrane by semi-dry blotting. Subsequently,

the desired protein bands were cut out and
sequenced (PPSQ-21; Shimadzu, Kyoto, Japan).
6. Analysis of intermolecular interaction between

B-Lg and each gliadin (o, B, ¥, ®)

Each gliadin (o, B, v, @) was demarcated using
CM-Sepharose Fast Flow (#2.2cm* 11cm), which was
equilibrated in 10mM glycine acetate buffer (pHA4. 6,
containing 3M wurea) according to the method
described by KATHRYN et al.”. Thereafter 1mg of
each demar-cated gliadin (o, B, v, ®) was dissolved
in 1m¢ of 70% ethanol, and it was absorbed onto a
PVDF membrane. Subsequently, PVDF membrane
was soaked in 10m¢ of B-Lg solution (10mg of
protein), and the bound P-Lg was detected by far-

western blotting using anti-bovine beta-lactoglobulin
from rabbit (Cat. No. A10-125A; Bethyl Laboratories,
Montgomery, AL) as the primary antibody, and anti
-rabbit IgG HRP-linked whole antibody from donkey
(Cat. No. NA934; GE Healthcare-Japan) as the
secondary antibody. k-CN and the heated mixture of
B-Lg and x-CN were also tested in the same
method using anti-bovine casein from sheep (Cat.
No. K01336S; Meridian Life Science, Oxford, UK)

for the primary antibody, and HRP-linked anti-sheep
IgG from rabbit (Cat. No. SC2770 ;
Biotechnology, Dallas, TX) for the secondary antibody.

Santa Cruz

7. Evaluation of baking quality

Gliadin, which accounts for 3% of the wheat flour,
was added to the dough and bread was then made.
Next 200g of dough was prepared according to the
method described by Kikuchr et al.”. After molding,
dough was fermented (38C, RH 85%, for 60min)
and baked (200C for 20min). After the bread was
rested at room temperature to cool for 1 h, its loaf
volume (cni/g) was measured in a 3D volumeter
(WinVM 2100; ASTEX, Tokyo, Japan). Subsequently,
bread was sliced to 20mm thick slices, the com-
pressive load (N) at the center of the bread was
measured using a compression tester (Series 5564,
Instron, Norwood MA) with a cylindrical plunger of
23mm a diameter; the compressive load (N) at 50%
compression was measured for determining the
crumb hardness.

8. Evaluations of wheat dough properties

Physical properties of the dough kneading were
measured using Dougraph (ATTO, Tokyo, Japan).
The relative amount of each dough component was
determined in the same way as for the baking test.
The dough was kneaded for 10min, setting the
circulating cooling thermostat at 20C. A mixing
curve was obtained by averaging the chart of the
power consumption (w) every 20s.

In addition, the volume of the dough, which was
fermented in the cylinder (27C, RH75%) for 4h,
was measured every 30min, and the gas retention
ability of the dough based on the volume growth
rate (%) was evaluated.

Results and Discussion

1. Changes in the solubility behavior of gliadin
Gliadin within the milk protein was demarcated at

each stage (i.e., following treatment with water,

buffer, propanol, acetic acid and SDS), and changes

in the solubility behavior of the gliadin were
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analyzed. A protein band migrating at approximately
55k Da in the S1 fraction was clearly observed
exclusively in the presence of B-Lg (Fig.1B). In
contrast, in the heated mixture of B-Lg and x-CN, a
band was barely visible (Fig.1C).

Furthermore, the solubility behavior of gliadin in
the presence of B-Lg was confirmed by western
blotting, with a band detected at approximately 55
kDa in the S1 fraction (Fig.2B). In addition, in the
additive-free case, the signal usually observed at 55
kDa in the S3, S4 and S5 fractions disappeared

(A) (B) (©)
MSIS2835485  S1S28354S5  S1.82S354 85

20

Fig.1 Analysis of gliadin solubility behavior using
SDS-PAGE

The each demarcation was analyzed using SDS-PAGE (Me+,
T=12.5%). (A), Non-addition; (B), B-Lg addition; (C),
Complex of B-Lg and x-CN addition; S1, water; S2, 50mM
Tris buffer (pH7.8); S3, 50% Propanol; S4, 0.1M Acetic
acid; S5, 1% Sodium dodecyl sulfate

(A) (B) ©)
(kDa) M S1S2S3S4S5  S1S2S3S4S5  S1S2S354S5
250
150
100
50 |ee ¥ -
TR g
2 [ ARl
20
Fig.2 Analysis of gliadin solubility behavior using

western blotting

The gel was then transferred to a PVDF membrane by
semidry blotting, and gliadin was detected by western
blotting using anti-gliadin. (A), Non-addition; (B), B-Lg
addition; (C), Complex of B-Lg and x-CN addition; S1,
water; S2, 50mM Tris buffer (pH7.8); S3, 50% Propanol; S
4, 0.1M Acetic acid; S5, 1% Sodium dodecyl sulfate

10 20

40 50

omega-b gliadin from Triticum aestivum

Length: 439, Mass: 53, 025Da
85% identity (85% similar)

Fig. 3 N-terminal amino acid sequence of the protein in
the proximity of 55 kDa

Proteins were transferred to a PVDF membrane by semi-dry
blotting. The 55 kDa protein in the S1 fraction was subjected
to N-terminal amino acid.

when B-Lg was added to gliadin. Thus, we conclude
that a 55 kDa gliadin species becomes water-soluble
upon the addition of B-Lg. Conversely, in the case of
a heated mixture of B-Lg and k-CN, elution in the S
1 fraction was inhibited (Fig.2C). The N-terminal
amino acid sequence of the solubility - susceptible
gliadin was thus sequenced; this revealed a protein
with 85% homology to omega-5 gliadin from Triticum
aestivum (Fig. 3).

These data indicate that the w-gliadin species is
desorbed from mixed aggregates of o, B, y, o-gliadin
and becomes water-soluble due to the action of B-Lg.
Furthermore, when B-Lg forms a complex with «-
CN, desorption and water-solubility of m-gliadin is
inhibited.

2. Intermolecular interactions between B-Lg and
each gliadin (o, B, ¥, ®)

The interaction of PB-Lg with each gliadin was
then examined. A positive reaction with B-Lg
antibody was observed only with o-gliadin (Fig.4).
In contrast, a heated mixture of B-Lg and x-CN
induced an interaction between all gliadin and B-Lg.
Furthermore, in this heated mixture, a positive
reaction with casein (x-CN) antibody was observed
for all gliadins.

Unlike other types of gliadin, w-gliadin does not
and has the
hydrophobicity. Therefore, the w-gliadin is presumed

119 lowest

have cysteine residues
to interact with B-Lg easily. Furthermore, B-Lg can
form a soluble complex with lipophilic substances, in
the same way as retinol-binding proteins'®.

Thus, w-gliadin appears to bind specifically to the
hydrophobic site of the B-Lg, and in doing so, it is
desorbed from the gliadin aggregates and becomes
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Type of gliadin

a it y w

B-Lg
addition ‘

f-Lg antibody

B -Lg antibody

® > ®

Casein antibody

Complex .
addition .

Complex
addition

Fig.4 Interaction analysis of B-lactoglobulin and -casein
for each gliadin by the modified method of far-western
blotting

B-Lg was incubated with individual gliadins and B-Lg antibody
was added to probe for interaction. In the Complex of B-Lg
and k-CN, either B-Lg antibody or casein antibody.

water-soluble. Furthermore, in the heating complexes
with pB-Lg
solubilization of -gliadin was inhibited, because x-

of «-CN, desorption and water

Table 1

CN interacted with gliadin.

3. Effects of desorption of w-gliadin on baking

quality

Based on the foregoing results, it is likely that
the PB-Lg—dependent degradation of the baking
quality was caused by desorption of w-gliadin. To
test this, gliadin, from which the w-gliadin was
removed by interaction with B-Lg was added to
wheat flour dough, and analyzed the effect on
baking quality was analyzed. As a result, when the
quality of the bread with the addition of untreated
gliadin was set to 100, the values for bread loaf
volume and crumb hardness were 94.3%4.9 (£SD),
and 115.6% 10.2, respectively (Table 1). The bulge
was not sufficient and the crumb was hard; thus,
the baking quality was compromised.
4. Effects of desorption of ®-gliadin on the

physical properties of wheat flour dough

The mixing characteristics of wheat flour dough
were then measured using Dougraph. This revealed
that after immediately kneading, the electric energy
(w) of dough containing -gliadin-deficient gliadin
was lower than that of dough prepared with

The baking quality of bread with the addition of gliadin

Untreated-gliadin
Addition

B-Lg treated-gliadin
(o-gliadin desorbed)

Addition
Loaf volume (%) 100£2.0 94.3+4.9"
Hardness of crumb (%) 100+6.9 115.6+10.2*

A comparison of the loaf volume and crumb hardness of bread made from dough with untreated gliadin or B-Lg
treated-gliadin, which lacks the -gliadin. The values for untreated gliadin addition were set at 100, and
experiments were repeated 4 times. Asterisks indicate values significantly different from those of untreated

gliadin addition (p<0.05)
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(B)

300 1
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Volume growth rate (%)

0 60 120 180 240
Fermentation time (min.)

Fig. 5 Mixing curve of wheat dough with the addition of gliadin which ®-gliadin was
desorbed, along with the volume growth rate at fermentation

(A) The mixing curb of dough. (B) The volume growth rate of fermented dough. ------ , untreated
gliadin addition ; ——, w-gliadin elimination gliadin addition
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untreated gliadin (Fig.5A).

The volume growth rate during fermentation was
then determined. Changes began about 120min after
fermentation was initiated, and the volume increase
rate of dough with the addition of w-gliadin-deficient
gliadin was low and the gas retention of the dough
decreased (Fig.5B).

It became clear that w-gliadin is desorbed from
gliadin aggregates, the formation of the dough
becomes poor and the gas retention of the dough is
reduced. This causes the degradation of the baking
quality.

The relationship between -gliadin and baking
quality should thus be studied in detail in future
studies in order to improve bread quality.
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Effects of Electrolyzed Acidic Water on the Microorganisms

on Sections and Different Tissue of Carrot

ABE Kazuhiro™
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1-1 Gakuen-Cho Naka-ku, Sakai, Osaka, 599-8531 Japan
% 2 Specialized Engineering Department, HOSHIZAKI ELECTRIC CO., LTD.,
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This study examined the influence of carrot disinfection with electrolyzed acidic water (EAW) on
the distribution of microorganisms on each tissue, the changes in microorganisms distribution during
storage, and effective disinfection methods using carrot sections. When carrots were disinfected by
dipping in EAW, total viable bacterial counts (TVBC) in the cortical layer as well as in the phloem
and xylem decreased. During storage, the TVBC in each part of the carrot increased; however the
increase was delayed in disinfected carrots. The highest disinfection effect on carrot sections prepared
from the cortical layer, phloem, and xylem was observed with sodium hypochlorite solution, followed
by EAW, and then purified water. Substitution of air in the intercellular spaces of the phloem and
xylem with EAW enhanced this disinfection effect, resulting in a significant reduction of in TVBC in
the xylem section. This substitution also increased CO. production

(Received Dec. 13, 2012 ; Accepted Apr. 25, 2013)

Key words : carrot, tissue, section, microorganism, disinfection, substitution
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Fig. 2 Total viable bacterial counts (TVBC) on the cut
surface of carrot after dipping in purified water
(PW) or disinfection with electrolyzed acidic water
(EAW)

Cont.: no treatment, A-E: Same sections as in Fig. 1.
Values are the means of three replicates and bars represent
SE.
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Fig. 3 Effects of dipping in purified water (PW) or
disinfection with electrolyzed acidic water (EAW) on
total viable bacterial counts (TVBC) in carrot and the
changes in TVBC during storage at 20C

Cortical layer : @ —PW, O —-EAW, Phloem : A —PW,A-EAW,
Xylem : ll-PW, [J-EAW.
Values are means of three replicates and bars represent SE.
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Fig. 4 Effects of dipping in purified water (PW) or
disinfection with electrolyzed acidic water (EAW) or
sodium hypochlorite solution (SHC) on total viable
bacterial counts (TVBC) in sections of carrot
Cont.: no treatment.

A Cortical layer, B: Phloem, C: Xylem.
Values are means of three replicates and bars represent S.E.
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(PW) or
disinfection with electrolyzed acidic water (EAW) on
total viable bacterial counts (TVBC) in sections of
carrot

Fig. 5 Effects of dipping in purified water

Cont.: no treatment.

A Phloem, B: Xylem.

S : Substitution of air in the intercellular space with PW or
EAW.

Values are means of three replicates and bars represent S.E.

Table1 Weight of carrot sections (1cmX 1cmX 1cm)

Phloem

1.315+0. 025 (100)
0.257£0.005(19.5)

Xylem

1.155+0. 025(100)
0.126 0. 005(10.9)

Fresh weight
Dry matter

Values (g) are means of 10 replicates = S.E. (%)
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sections at 20C

Phloem Xylem
No treatment 44.1%2.2 (100) 36.9+1.8 (100)
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EAW 59.4+2.2 (135) 54.5+2.9 (148)
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PW 50.5+3.1 (115) 44.9%+1.7 (122)
EAW 78.2+3.0 (177) 71.0+2.2 (192)

Values (mg - kg™' - h™') are means of 3 replicates*SE. (%)
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Extraction of Nobiletin and Synephrine from the Waste Peels
of Shitkuwasha (Citrus depressa Hayata) by Using Vinegar

MIYAGI Kazuna*'®, ARAKAKI Eriko™, TERUYA Ryo*’,
WADA Koji*, OHTA Hideaki*® and HIROSE Naoto*’

* 1  Department of Education University of the Ryukyus, 1, Senbaru, Nishihara-cho, Okinawa 903-0213
* 2 Okinawa Sogo Nosan Kako K.K., 459-1, Taira, Higashi Village, Kunigami-gun, Okinawa 905-1205
* 3 Okinawa Prefectural Agricultural Research Center, 820, Makabe, Itoman-shi, Okinawa 901-0336
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5 Department of Nutritional Sciences, Nakamura Gakuen University 5—-7—1, Befu, Jyonan-ku, Fukuoka 814-0198

We extracted and studied nobiletin and synephrine from the waste peels of Shiikuwasha (Citrus
depressa Hayata) by using vinegar. Following examination of extraction using several kinds of solvents,
nobiletin quantities were seen to be higher for 5% acetic acid than those for other solvents were.
Quantities of synephrine were similar following extraction using all types of solvents. Extracted
quantities of synephrine were lower when solvent concentration was low, whereas nobiletin quantities
were higher when solvent concentration was high. Moreover, addition of sucrose, at a concentration of
4.8~16.7% in a solvent showed no change in the extracted amount of synephrine, while nobiletin
quantities increased after addition of 4.8% sucrose.

(Received Mar. 18, 2013 ; Accepted Jul. 17, 2013)

Key words : Shiikuwasha (Citrus depressa Hayata), waste peels, nobiletin, synephrine, vinegar extract
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Fig. 1

Extraction rates of extraction solvents and effective components

@ Apple vinegar, O Cereal vinegar, & 5% acetic acid, Il 70% ethanol
Freeze-dried peels (10 g) were immersed in 200 g of a solvent.

Reported values are expressed as mean (n=3).
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Fig. 2 Acidity of extraction solvents and extraction rates of -effective

components

@ 2.1% acidity, O 4.2% acidity, & 8.4% acidity
Freeze-dried peels (10 g) were immersed in 200 g of cereal vinegar.

Reported values are expressed as mean (n=3).

Nobiletin
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16 .
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Fig. 3 Concentrations of sucrose and extraction rates of effective components

@ Control, O 10g (4.8% sucrose), & 20 g (9.1% sucrose), Il 40 g (16.7% sucrose),

x100 g (33.3% sucrose)

Freeze-dried peels (10 g) were immersed in 200 g of cereal vinegar.
Reported values are expressed as mean (n=3).
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Frequency of Phenolic Off-flavors in Red Wines Produced in Japan

ONDA Takumi*® and KOMASTU Masakazu*

*  Yamanashi Wine center, Yamanashi Industrial Technology Center,

2517 katsunuma, Katsunuma-cho, Kousyu-shi, Yamanashi 409-1316

Recently, the prevention of phenolic off-flavors (‘phénolé’) has become the focus in red wine making.
We investigated the frequency of phénolé in 386 samples of commercial red wines produced in Japan.
Almost 80% of the samples contained phénolé at a concentration of 0.100mg/¢. We think that most of
the red wines produced in Japan are of high quality and contain minimal phénolé. The yeast strains
belonging to the genus Brettanomyces were detected in some wine samples that contained high

concentrations of phénolé. These wine samples also showed high pH values.

(Received May 21, 2013 ; Accepted Jul. 18, 2013)

Key words : red wine, flavor, phenole, contamination, Brettanomyces
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BENTZ o BN D S, LELEMOUEEIE
5T, TO7x /) LORKIZ, KT A ¥ OIFEHK
- PRSI B\ T, Brettanomyces (7L % ) I R)
JBEEREDSEST A5 2 LT, ML LAR SIS 4-T
FNVT7 /=N (LL'F, 4-EP) ¢ 4-ZF VT TAT
a—)v (LIF, 4-EG) THAHZEAHHLA 2hb
i, KBRETHLIA VORFZFEVZIAF VL, &
W5 e [H/RR], TEmR], [#EGHR] 5w
i MR EHRJINLGBARBL R L, £ 771
—N—THhbIENVHBREND LI 1T o7z, i
%o T, KBDOTA VEERZIIBNTH, TO7x)/
LVICEBRIMBEHETHIENEL D, WIEEI
bPNDL LI TE Tz,

CORTAL DT ) LIZOWTOEIE, KV F—
KFEZHMIER YL CTE& 2z, AT, BHESICX
5T, WS Oh OB LI OMWfTbh, TOHT

T409-1316  [LIZLUR N T R IT B 2517

¥

Corresponding author, E-mail : onda-wkk@pref.yamanashilg.jp



344 H AR £ PR a5k

VOL.39 NO.6 2013 (36)

EEART 4 V132D W T A-EPOERSIO D bR
72h%, EERTA L ELTOT7 =/ LOSAEHEEEZHS
PICT BHIZIEE-> Tk, 22T, AWZETIX, B
BT S, EERTA D72/ LOFSERE WS
WTHZEERHME L
KB H A

1. #7158

BERAR T A VB E LT, 20104E7 520124E D RIS,
HAELIC AT LREER T 4 V386 % v/, &
OWRFRT A Y OWRE L TR, FEE T FYTRIILT,
HARER - =T TR AN TR ED VDB S RN
REFHZEELEE L, Wbwa IR (Viis
vinifera grape varieties) | 1538, ¥ A H v b+ X—1
—ART Ty - 74—V EDENLERRILKRE
FEMMEE L7, [FERKIN R (non-Viris vinifera grape
varieties) | 2338 CH 5o ¥ ¥ 7V OREEEE IR D W
b DT20024E, F L\ DT20124E, 20094FED b DA
%<, 2010%EDSKICE h o 720

$72, BZELELT, HOT75 VA« RV R—ERT
A 134 (i#%5, 000~9, 000 &) 122V T b [EEFZ 4
B ERR e LTt L 72

2. 7/ LD

AR T A VD 4-EPB L V4 -EGO E R G,
W7 a~< 77 7 &5 (UPLC-MS/MS) 12 &
D, WEdERks o~ b5 7 -7 U7 ARG R
VAT AEHCTER L, Thbb, FIHRRATA ~
IZ2oWT, 0.2mDAY TS5 T4 IVE—THHL, &
Mt e Le RIZ, Wikl 2, UPLC-MS/MS#EE
(Acquity, Waterstt#) # v, % 5 4 (BEH
C181.7um, 2.1mmx50mm, Watersth#) %% L7-HE
#Wiitkr o< 257 (UPLC) THBE#ATv, MUEM
RUE R AATRE (MS/MS) T L7ze EHERICIE, K
-7t M= MY VRGEREH, ZOHEREFICOW
Ti&, @ ##0.6m¢/min, @ 75 Y =¥+ (0min. 2
595 :5, 3min. £ % T55: 45, 3.1min. £ ¥ T 4 min.
BIET5:95 FOHI5:5) &L

R P A L AR IO W T, AR X ) O
L, U= OREMEMER LT, %7/ VIKSG
DERRITo 770 MEHEWE, 4 WOOWHRAIK (4-EP
L 4-EG) BIXUHIYA Y072/ LELTHEELS
4-¥Z V7)) =, 4-YZVTTATI—ND 2
#100% L% 7 — VI KTEOWRE CTHM L 728, 13% T
5 — WIKEBWISHHE L7-b 0% vz,

3. TA > O—EDA

T A v ORI RpHR & O — K5 D5,
EBITHTIEGATES L OFEIC L - 72,

4. WEHR

R b, 72 VOBERMEDTDH B,
Brettanomyces BRI OMIN %2, PURHURRIES %2 F v

THEMICHRBT 2HRBEASF Y b (Z-Wine Assay,
Unitech Scientific LLC#:#) 2 W TiTr-720 T4 b
5, fRET 4 ¥ 1z, #O0EE (8,000rpm,
54rH) ZATv, RIEZMY BRE, RIS, BifaiA
IméEMAZ, LB, 2 ORI Z 0508 LT,
FIERICY B K PREHREER M D R L7z, 85 N2k,
BB A0 M2, & <ML 720 Z-brettF v 7
DI ZIVEFICS W mIMLTze TOF v T ¥ —L
IZAN, 45CCTRIK30m5 MR S &7, KRIZ, 7uy s
/BAEC 10me % ¥ v — LICAN, F v 7 &fkdicit
O, 155 HKE L7z ¥y MT, "ZVESOHLER
VEWIE L7, L7 L v MD 240p8 & 356 HE 240140
Y=Lz, BAHB0OSHBGE L2 ¥y —L»
LR E I L, BERE 10nd% 2, #EAWE 24014
ERML7Ze X — V2O EREL, BERELH
WTC, AR IEL e KISHG-1 10me & 1% KIS
WG-2 0. 1ZREG L. CORGHE Y ¥ — LI
A, 200MIBEL, Yy—L2biifkERELlz. Fv
TEBEERTHELC, 5HMEEE Lz, 7 TIVEGIC
BNy 7N EaofmARy ) OBmEE, Fv
TIZHOLPLORBEINTWLIEEY 7SV EEL T,
etk 2Rtk (R E ; 1018/ mek i, 10'8/me, 10°f8/
mé, 10E/mé & 7213108 /mei8) % Wi L7z,

KBEHERBLUZE

4-EP& 4-EG® B &, CuaTonnerH?IZ & Y, 7
TA YHIZBWTENZENHARTIE, 0.605mg/L B XY
0.110mg/¢ (KT # N Zh0.130mg/¢ B & U°0.025
mg/¢) LHEINT WA, £/, 4-EPL 4-EG% ik
T4 VR TORBMPYLGEFELFTHL10: 1 TREL
72& EOMMEIE, 0.369mg/¢ THDHEEINTW5S,

TREREHR T 4 ¥ 386 2DV T DS DS, 4-EP
D FF#1%0.098mg/ ¢ (BE#EAR #0.157) TH Y, &b
EBholzb DTL.665mg/¢ THo72 (Tablel)o 4-EG
D FH#1%0.023mg/ ¢ (BEHE(R #20.046) ThH Y, b
BV DTO0.337mg/¢ THolzo WL DO BIT

Table 1 Concentraions of phenolic off-flavors in the 386
of tested red wines produced in Japan

4—ethyphenol 4—ethylguaiacol

(mg/2) (mg/2)
average 0.098 0.023
standard deviation 0.157 0. 046
maximum 1. 665 0. 337
minimum” ND? ND?

4-Vinylphenol and 4-vinylguaiacol were not detected among
most samples.

1) Limited detections were 0.005mg/¢ at 4—ethylphenol and
at 0.010mg/ ¢ at 4—ethylguaiacol, respectively.

2) ND; not detected.



(37)

B L MBS, EERTA YOT 2 LOERS
FEIZBNTD, 74 VBT RELNT Y X035
CENSH ot HIA VTSR 72/ L (4-
Vo7 /)=, 4-¥ZUTTATI—) 1220
Tk, WThouAf YEE»PLDH, FLAE ML -2
JE (0.020mg/ ¢ f$3) LA SN hr otz 2D L
X, 4-EPL 4-EGHBZRBOUHMWETHL NS D

20D 72 /LA, RIAVIZEBELEVET A
V2B BHRE R,

CHATONNET 5? D19924E 12 T b N 7= I O 7R I2 B Ww»
T, 75V AERT A V83D 4-EPE L N 4-EGD
EEIE, FNZFN0.440mg/ ¢ (BEHEAR #20. 179, K
fiEi6. 047mg/ ¢ ) B X 10.082mg/ ¢ (BE ¥ ff #20. 230, %
Kfti1.561mg/¢) TdHo7zo HHLIZKRTA ¥ D1/3
HEEYD ED 4-EPZ &L I LA MEI N TV 5, B,
SRR T, N SRE LT, WIEAIERK LTS
YA BNV F=EOTMART A Y138IZ2WT, kRIS
DT % AT - 7245 F, 4-EPB X OV 4-EGOE#HfEIX, Z
M2 10.169mg/ ¢ (B ¥ i 720. 563, #x K fiE0. 482mg/
0) BET0.046mg/ ¢ (BEHEAR 0. 132, R KAHO. 098mg
/4) THol

SEOEERT A » D 4-EPOERSIRERIZOVT
D, FEHETV—T (MR EIEFRMNR) B OFSAEHE
D4 A%, Fig. NImR Lize BRINR & JEFRINR & 31,
L EERWE EE 2 50.100mg/ ¢ Kiii DY >~ T IV,
ERD82%% iz, BiiEzHIZTWAEEZLNS 4
—-EP7%%0. 400mg/ ¢ VL o FkHE, HEEEUE &R T13EE
(3.9%) DIFIEL 720 U EDZ EDS, KEHMDEE
HRIA I, 7=/ VIHERICEL e THL 2 L8
HOMNE RS T2,

WM R & R R OB ToEW & LTid, JERRIN
SHORENCIE, 4-EP2%0.500mg/¢ Ll EDEH VT = ) L
REZRTABPLCHFET 2P ED SNk
(Fig. 1) o

Brettanomyces BEERF ORI F v N & 7287 O K53,
(FFEIZIER E R WD% 0.100mg/ ¢ Bl _E o 4 -EPA A
R (71, &o18%) H 5, 104E/mell E
~10"E/ meBOMBAMB I NIz, BB, 7=/ LR
HMENL Dol B»5 0, &ER0K102%0RBHZBW
THRIRE D Brettanomyces B FHlAAMI S h, 550
Wi E Z 2 6Nz, WIENIZLTD, Brettanomyces
JREREDSE AR T A VEIEICBWT, —EDOHE O
LTWwWhbIENMHREINT, B, Aiad L7z 4-EPH
0.400mg/ ¢ VL ETH - 721388 BHZ D W T, 1078/ méH
% \WIE10E/me BB W E OB AR S iz, T
133FHE, LB 2k D T HpH2A3.550 & A, pH
3.7~ 1BVl Z R L7,

T4 Y OpHMEL b L, [ UEFTERERE T
5> Th, AR % b OO0 FIREMIRIRESK 25 2
ENRGHhoTVD, ThHEDT AL V&R, KIA4 D

Wige/ — ) HEEFRIAL v O7 =/ LOHE 345
60
0 vitis vinifera grape
50 varieties
~ 40t B non-vitis vinifera grape
S\i varieties
&
5 30
3
o
&
~ 20
10
0
Concentration of 4-ethylphenol (mg/ ¢)
Fig. 1 Frequencies of phenolic off-flavors in the tested

red wines classified according to their concentrations
of 4-ethylphenol

The 386 wine samples contained 153 samples belonging to
Vitis vinifera grape varieties (white bar) and the remaining
233 to non-Vitis vinifera grape varieties (black bar).

WP & B VISR T H S, Brettanomyces J& B3
HEF LR T2 WRENEZ bz, Lz T, 7
=/ VOFEARGIEICIE, HEREEHEE &L ICpHO M
WHETH LI EHIRBEINT.

ERERTA SICBFE T/ — VR T T L —N—
(7z7V) HHROBIREBELZHEWE L7z, HROTR
EREART A 2121E, TOR%MIETEAL T2 ) LES
TRV EDN G ol T, BWIRETT 2/ LR
MaEn74 VEBRD» LI, BWIRE TBrettanomyces)&
ORI Sz, 7 2 7 LERPEHWEREOpH
EEWEZ R L7z,

AHFFRIE, MNATEGE AR AR BRI 28 5 R
MHEMAR R ERERXE 7077 4 (A-STEP;
Adaptable and Seamless Technology Transfer
Program through target-driven R&D) 74— K€Y
T4 27571 [FS) #& % % 4 7 (Exploratory Research)
WBUEEREEAT T,
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