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Effects of Acceleration and Contact Point Stress on Damage Characteristics
of Stacked Japanese Radishes Under Vibration Assuming Distribution
by Newly Developed Bulk Container
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The damage characteristics of five layers of Japanese radishes stacked in a triple-wall fiberboard
box under a vibration treatment (2~30Hz, 0.6G), which was considered a transport model of a newly
developed bulk container, are investigated. The differences in the vibration treatment period (0.5, 3,
5, 10, 20, and 40min) and the position of the Japanese radishes in the stack significantly affected the
type and the severity of the damage. Various types of damage, including abrasion, peeling, and
bruising of Japanese radishes, are observed differently, depending on the stacking layers. Abrasion and
peeling symptoms are found on the upper layers of the stack of the Japanese radishes owing to a
non-synchronized movement, whereas bruise symptoms are found on the lower layers. Further, the
acceleration transmissibility test of the Japanese radishes against a vibrating table revealed resonant
frequencies close to 15Hz in all the layers. The higher the stacking layer, the higher is the
acceleration transmissibility. Moreover, the contact stress index obtained from a multipoint pressure
sensor revealed that both the maximum and the minimum values at the lower layers are significantly
higher than those at the upper layers (maximum value: P <0.05 (15Hz, 20Hz and 25Hz are
excluded) ; minimum value: P<0.01). A reduction in the load from the upper layers, caused by the
non-synchronized movement, most likely results in lower values of the contact stress index of the
Japanese radishes in the middle/upper layers. Overall, it appears that the restriction of the free
movement of Japanese radishes in the upper layer without any additional stress facilitates the
prevention of damages such as abrasion and peeling. Moreover, we need to find an acceptable
stacking height to avoid bruising in the lower layers. Further research on the design of packaging
conditions for the actual transport condition will enable us to distribute Japanese radishes by using
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the newly developed bulk container without any unacceptable damages.

(Received Apr. 23, 2012 ; Accepted Sep. 12, 2012)

Key words : newly developed bulk container, multi layer stacking, japanese radish, acceleration transmissibility

and contact point stress, damage characteristics
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Fig. 1
for vibration treatment

Loading conditions of Japanese radishes
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*1%, 2™ 39 4™ and 5" layer that started counting from
the bottom layer

a: Acceleration data logger

b: Pressure data logger

¢ : Personal computer for data collection
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%) on Japanese radish skin among loading layers
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Table 1

Effect of vibration frequency on the maximum contact stress index (A) and the minimum contact

stress index (B) in Japanese radish among loading layers

Frequency (Hz)

A : Maximum

2 5 10 15 20 25 30
Upper-layers 29.5+11.3 28.2+11.7 31.7+10.6 33.9*x12.5 32.8x14.4 30.4*x12.4 28.8* 9.5
Lower-layers 42.6* 9.7* 41.2% 9.2% 46.7=x11. 3% 47.7+12.2 44.3+12.2 44.9+13.2 43.6+12.4*

Frequency (Hz)

B : Minimum

2 5 10 15 20 25 30
Upper-layers 10.3% 6.5 10.5* 6.5 10.7x 6.8 8.0x 5.0 10.1x 5.4 12.9xt 7.2 15.3+ 9.7
Lower-layers 27.8=* 5.2** 27.0% 3.7** 29.5*6.7** 23.1+3.4** 29.2+ 7.5%* 33.4*11.9** 35.9+11.6**

n=5~8

Each data value is represented as mean +SE
Upper-layers : Average value of layer-3, 4, 5
Lower-layers : Average value of layer-1, 2

*: Significantly different between Upper-layer and Lower-layer
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OISV ZEETIE, NV Z 3 YT F e fERERTORYS
PHEINTVWAZ LS, EHNVI Iy TFOME
WEFENSV T 32T FHNOFRMI 052 L 27z
DI, AEWE ERZOBIZIZ—EDORBITHER SN S
CEPEF LV, Bk lash i & 2N HEEDL Lo Rk
EWRT A LT, NEWD LR~ O#EREZPiIET 5
LBz, LNV T YT FOMEIHNEDII DS
CEEBIETAIENTEBEEZONS, B, B
HEBRIC BV EIT S 2 B O KEBSIET A7 7V M
FRMTH 5 EBE SN, ZOIWREIMHEE 0. 2~0. 3G

by Student’s test (*p<0.05, **p<<0.01)

THDHEREENTVEY, JIHEEIKE VI EhEE
RO Y — 7 BRI, MEEER NS R
HT MBI F Aoy OFEERIZBIT L INEEEE
RO — 7 BEEIE, SHoRE (0.6G6) THSM7:
ISHZE B & 0 & s Bmic sy 7 by 5 LR SR B,

4 51320094E127 12, 7 IVERRERZ R L 72
FThbb, HHEANVIITF (A X HELI50 X B
1,130 % & £888 (mm)) (244 2 200K 2L (25
8 BRI, MR =l Tl o 431 L S el &~ &
— 2L EMX B S, KR X o RMES
Wige 2 fE i LC, @WERERETOX 9 —F 7 HHETY;
¥ C, 635kmDITHEE N T v 7 Tk L7z, BEFELYIC
FHELLFLarorb, 1BH, 3BEHBXOSEH
5T ¥ F LITHI L 72 % 10412 D W THRGE Al R 2
fTollZn, [8nf] B1BHT2A, 8EHTI
KR ENT=25, SGHOMFATIREL Zh ol ¥4
aro [ OREEROVLEDE LT, ¥4 a3
DBIEDEEINEZ SND, SHOMEHHER L7254
a0, PUHE - PRSI SRR R AT o 2 — T,
ET VIR TIE, HEZDO Y 4 3> 2KEL, #
WV T ayFFICFTRHELZD, FOB, HiEA Vs a
YFFRERICA Y FROWE (FIAFv T T4V
L) &ty L7z, TORRE, SHROBEITHEH LY
4arind, EFVEERBRCTHEALZY A 220
JEidm CHERE S, (3G 28BS € —-RE R
T2HREMEDYE 2 H iz,

A NARR ARV S S VAN YA E S 7 I Meli ke
Mead L7, mRIRJIRE, shedifEfe i, b
BetBorian s &, TEBESIEKE 272 (Fig.8). 15Hz
2B 2 3EBU LOR/NEIREP /NS otz &
&, 4BHBIOSERETHELAEGRLENDIZES L
PODWEDERICEBIDEEZ b MEOHE
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&, FECHS R BB KRE VWS LERT I LD,
M EBNGERT A2 2 E 2 605 [BOE] %, HAE
WIS ZREE LTFHNT A2 LHWMETHLEEZD
N7z LA L, BAEICET 2 B0 BEIIMHEEC
M HEBIEHEETIIRS, FOHHOVLEDELT
B ST E DB REEDR N Z L AE 2 STz, RER
TiE, WHOWEIZt ¥ FOFE RSO MK L THENM
L7225, S ot Sz ey 5720121, EHEK
FMAZT, KEESEWET 2LENH L, LL,
W T ORIMIRF R RREDIL T 2 IR T 5 2 L h 5,
[0 5] SBEREOREORKEILICE T4 LI AR
Vo BRI, ERIEBISICB Y 2L EIET ORI
BT, REHICOWTHAREESLETH L, £
D—FT, G, ZETE YUY OREES RS L
952 LT, fERITABREFRY: (Finite Element Method,
FEM) ZEEZHWTTFHT AL LN TE L7
R ERE I ET BB AT ONT, S5754H
BHRMRONLZ LRI NG, Dol rb,
BEBRETIE, TG SAEREOREZIE, Z#im
DNEEEZ N C &, TESHB L OKFEH R DI H
ETE DL NAEEREA, IWHHELY DELTWD LHE
Y (W

—J, THLG] &, ¥4 3 VICEICHYOR 4
LAZETRETDEEZ DN, FTE TR
NBERECZ LS, [H#ILE] OBEREN LY KE
{, EBTRHhEVEEZ 5NLH, KEBLEMLETIE,
LG ofGEHEIRRLIRES KD RE V1K
HEvd, 2BH, 3SBEHTKE»-72 (Fig.4). 1B
H& 2 BeHoEmEsish %, & 48 o Ko
ATHETZ L, ¥4 aryFLsEmL cni2EHD
RIS, R E L Tw2 1B H X0 b, 15Hz, 20
Hz, 25Hz3 X O30HzO &£ B HIZB W TEh T h,
28.4%, 52.2%, 49.6%3B L U'35.2%KE -7 &
5 (Table2), 1BHTIZKMDOE R — VI X % #% 1
BIRAAT, ZOMEE, LG MBI N biEg
L7 bbb, SROERKGTE, [MLE] 0%
HEICIE, ¥4 EBER—VOEMEDL, ¥4 a2 H
ToEMA LY RELERE 228, HLE] @
RIS OB LT, oW REIZOWnT

LEETAHLENDLI L, REIRBINT, BN
TEBICBTD LG &, Fe LTHREHF OB
BERLTBY, 20X EGOFRATFIIIE, S
MBS HORENENTH DL EEZ N, SbhDHELE
FEHERR, MR ERY, Py riayIhrvikEo
2NV 2 ik R BT A AL, RIS o w T
WME$ 22 ARG A H = XA DRI IR
bbb,

HRYOEEEHNTORE), ThliE HfsAC
DWTIIRERPSHEHINTEY, oA Fa09%
EEVR EOBRF L HFRWIZONT, WL ORI
ThhT&72 $72, LI AZKELIER— VDS
BRBRICOWT, IEERHICIEE R - Vo RIC L 0 4
U7z %20, FEOBR—VHHNOATL ¥ A
HEES) (nlfz) 2L, HBEELS 2 EAHLRIC
ENTWAEY, RIFERIZBWT, LB ThgEfmE
BHPRKE L, ROBARZL EOMHEE 25 ET 5 & T,
HERENPKE o7 (Fig.3) T ki, HIIKOHYDR
R —HT 5,

HXHEENC X 252 BT 57201213, FRYEE
ETHIEDHENTHAEEZ DD, PRSI, EE
WKEDAFTETFREONVRET LI L&, HILHY
12, B EMOEEE LR LTHNED R EET 5 L 5%
DL BRI ICNAEW I EAE b 5 2 & 2 HE L
TWb, $4bb, FHE VY IV FF &2k
DOF RO 2K T 5 720121%, EEERD DA E
Byl Loo, NAEWIEIMNRIGIIAAE Lk E
ESEE BT 5 LB D 5,

DEXY, ZERRINZT A 3 v oEEGHEIREIR
BIICEVRRLZZE, MEKEL Y BLOLHEE
VR G EHINZERG R A H = X A ERTICERITH
HIZEWRENT PNV OV T FEEIZBWTIE,
WAEH R OB 28T 572012, TEIZBIT % H il
SIS DS RHPHANTH 2B ERET D L L DI,
BRSO LRI X B AR ES) & HPH] 5 5 WE S EOM
AR HNIRE L E 2 SNz, Sk, EWREMOIR
BRI S ML, S OBE T5 & 7= SR R
Edhbe, HEGL XNV EFEHEANICHZ 5 WL - Wit
St & RIS 2 LB D 5

Table 2 Difference of the maximum contact stress index between Layer-1 to Layer-2 in Japanese radish

during vibration treatment

Frequency (Hz)

2 5 10 15 20 25 30

Layer-1 25.2 25.8 29.2 28.0 23.3 22.9 22.4
Layer2 26. 2 25.9 31.3 36.0 35.4 34.2 30.3
Differnce (%) * 4.1 0.6 7.4 28.4 52.2 49.6 35. 2

* (Layer-2-Layer-1) /Layer-1 x 100
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New Procedures to Improve Productivity and Quality
in the Manufacture of Boiled-dried
Adductor Muscles of Scallop (shiraboshi)

YAMAZAKI Masao*'® and OIKAWA Sueo*’

* 1 Faculty of bioindustry, Tokyo Univ.Agri
* 2 Nikko Co. Ltd.

Shiraboshi is a boiled-dried adductor muscle of scallop, which is predominantly produced in North-
Hokkaido, Japan. The manufacture of shiraboshi has certain limitations such as less productivity in
opening and threshing of the shell for its processing and the appearance quality by excessive
browning of the adductor muscle. In this study, a new improved procedure for the manufacture of
shiraboshi was developed based on the consideration that the generation of glucose-6-phosphate was
responsible for the browning. A new preheating treatment of the rare muscle introduced immediately
after the shell opening-threshing process led to the inactivation, and the hot water extract obtained
was a glycine and taurine enriched broth, a valuable by-product. Moreover, the shell opening-threshing
process was improved by using saturated steam that allowed localized and quick heating of the shell
surface. The new procedure increased the yield of the scallop adductor muscle and reduced the loss
due to solving out during boiling/steaming process. Consequently, the new procedure introduced
involves two modified processes: firstly, for improving the productivity of the shiraboshi preparation
and secondly, for obtaining a novel value-added by-product.

(Received Apr. 11, 2012 ; Accepted Oct. 15, 2012)

Key words . New procedures, productivity and quality, boiled-dried adductor muscles of scallop, by-products

shiraboshi

The boiled-dried adductor muscle of scallop called
“shiraboshi” is predominantly manufactured at North-
Hokkaido area in Japan. Shiraboshi is processed from
live scallop caught from the coast of Okhotsk Sea.
To obtain the adductor muscle from the scallop, the
scallop is left in the air without seawater overnight,
the molluscous body in the shell is threshed from
the scallop by boiling and/or steaming (100 C for 5
~7min), and then the muscle is separated manually
from the molluscous body. The adductor muscle of
the scallop is boiled in salt water for seasoning (9~
14% NaCl for 11~16min), and then is heated for
50~60min at 80~90C by a hot air heater. The
drying process is performed daily using a hot air
dryer (60C for 60min per day) and/or by sun
drying, until the moisture content of the material
decreases to 40% and re-iteration of procedure until
it falls to 16%, thus requiring~1 month for drying
of the shiraboshi product.

Traditionally, the method employed by the scallop-

processing industry involves boiling and/or steaming
the whole scallop several minutes for opening the
shell and threshing the molluscous body from the
scallop. In our previous study”, we reported an
improved protocol for the opening and threshing
technique in which the scallop was exposed to
thus the
heating the shell surface up to ca. 60C for easier
shell
molluscous body while leaving the adductor muscle

superheated - steam under the pressure,

access to opening the and threshing the

raw. However, certain modifications such as

improving the efficiency of opening - threshing
process, which requires leaving the scallop overnight
for weakening, still need to be addressed.
Additionally,

muscles to high temperatures for extended time

exposing / subjecting the adductor
during the boiling and/or steaming reduces the
yield owing to loss of the solid contents from the
muscle by solving out.

The commodity/commercial value of shiraboshi is

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



76 Food Preservation Science VOL.39 NO.2 2013

(12)

largely influenced by its appearance such as color
and firmness. Thus, while moderately browning of
the shiraboshi product is graded high, the excess
browning of the product lowers the commodity
value. The browning during cooking is thought to
be the most likely cause of the Maillard reaction
with D-glucose-6-phosphate (G6P) and p-fructose 6-
phosphate (F6P)?. G6P and F6P are intermediates
of the glycolytic pathway triggered during the
postmortem changes in glycogen of the adductor
muscle”. Thus, the color figuration of the adductor
muscle during the manufacturing process is affected
by endogenous sugar phosphate, and therefore it is
necessary to use flesh materials and to be heated to
avoid the excess production of G6P and F6P. Hence,
enhancing the productivity and prevention of solving
out of the solid content are important for the
scallop - processing industry, the understanding of
which remains limited by the availability of only a
few reports on the processing of the scallop
adductor muscle.

The development of individual process involved
manufacturing shiraboshi, including scallop heating
with
soaking at low temperature

superheated steam”®, seasoning by salt

97 and introduction of
programmed controlling of the temperature and
humidity for the drying process® to improve the
product quality having better appearance, and to
shorten the processing time are addressed in the
current study. Particularly, the bottleneck in
manufacturing shiraboshi, like, low productivity due
to leaching out of adductor -constituents and
generation of G6P during the processing, have been
described and the new method is developed to

provide solutions.
Materials and methods

1. Materials

Frozen adductor muscle of scallop (Patinopecten
yessoensis ) was purchased from ice making and
freezing factory of Tokoro Fisheries Cooperative
Association.

Live scallop, Japanese scallop (P yessoensis ),
occurring in Yubetsu sea area in Sea of Okhotsk
was purchased from Yubetsu Fisheries Cooperative
Association.
2. Determination of glucose 6-phospate

G6P was determined using the modified F-kit for
the estimation of D-glucose, D-glucose-HK (Megazyme

Itn. Ltd, Ireland). Glucose 6-phosphate dehydrogenase

(Oriental Yeast Co. Ltd., Japan) solution was used

instead of mixture solution of hexokinase and
glucose 6-phosphate dehydrogenase in F-kit. First, 4
g of adductor muscle was soaked into 8mé of straub
solution (0.3 M KCL 0.1 M KH.PO, 0.05 M K.HPO,),
transferred into a sterilized filter bag and then
homogenized with a stomacher for 90s. The
homogenate was diluted with straub solution to an
appropriate concentration, heated at 100C for 10min
to inactivate endogenous enzymes present in the
muscle, and then the G6P content of the sample
was determined using the modified F-kit. Standard
solution of G6P monosodium salt (Calzyme Lab., Inc.,
USA) was used for obtaining the standard curve.
3. Preparation/Separation of the adductor muscle

from the scallop

The traditional procedure was followed, in which,
the scallop was boiled in water for 5min at 90C.
The adductor muscle was manually extracted from
the molluscous body obtained with boiling of scallop.

The new procedure involved the use of the
scallop sheller test model for laboratory (Nikko Co.
Ltd.). This device allows spreading the saturated
steam effectively and covers the entire shell surface,
where it is adhere/attached to adductor muscle. To
facilitate opening the shell, the scallop was heated
after which the
visceral organs were manually removed from the

for 10s with saturated steam,

molluscous body. Further, the shell bound to the

heated for 10s, thereby

allowing the separation of the muscle from the shell

4. Determination of yield rate and denaturation by
heating scallop in the new procedure

adductor muscle was

The solid content that solve out from the scallop
materials during boiling and steaming treatment
was calculated from the weight of the extract in
each treatment and the Brix value from the sugar
refractometer. The vyield was calculated as a
percentage of the substance to the total scallop
material. The extent of denaturation of the adductor
muscle during the heat treatment was estimated
based on the whiteness of the muscle surface. L*,
a* and b* values were obtained by measurement of
the surface using a chroma meter with colorimeter
(Konica Minolta CR-400) .
calculated by the following formula:

W =100—{(100 —L*)%+a*2 +b*2}*
5. Production of shiraboshiby using the new

The whiteness was

procedure
The adductor muscles were isolated from 100 kg
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of live scallops by using the traditional or new
procedure and immediately boiled with tap water at
70C for 25 min, following which the boiled adductor
muscles were heated 3 times with superheated
steam at 140C for 5 min. The drying procedure
with set program coordination of temperature and
humidity was carried out for 10 days until the
moisture content of the adductor muscles become
~16%.
6. Determination of free amino acids in extract

as by-products

The scallop adductor muscles were boiled in
water of the same weight at 70C for 25 min. One
gram of the broth was mixed with the same

volume of 5% trichloroacetic acid ( TCA) to
precipitate the proteins contained in the broth.
After centrifugation (10,000 rpm, 10 min) the

supernatant was mixed with 2 mé of n-hexane and
the mixture was allowed to stand for a few minutes
it was filtered through a cellulose
(02 um) .
concentration in the filtrate was determined using

after which,
acetate membrane The amino acid
an amino acid analysis system, LaChrom Elite
(Hitachi High- Technologies Corp., Japan) with a
post-column NIN method. The temperature for the
ninhydrin reaction was set to 130 C (reagent flow
rate: 0.25 m¢/min). The reacted amino acids were

detected by recording the absorbance at 570 nm.
Results and Discussion

1. Establishment of glucose- 6 -phosphate assay
Since an earlier report?showed that the G6P and
F6P were mainly responsible for/involved in the
browning of the cooked adductor muscle of the
scallop, the author attempted to establish a new
method specifically for assaying G6P by using a
commercially available F-kit for p-glucose assay. The
kit contains hexokinase, adenosine- 5 -triphosphate
(ATP), nicotinamide-adenine dinucleotide phosphate
(NADP") and glucose-6-phosphate dehydrogenase (G
6P-DH). While hexokinase and ATP allow synthsis
of G6P and adenosine-5-diphosphate from glucose
and ATP, G6P-DH catalyzes the oxidation of the G6
NADP® to give
nicotinamide - adenine dinucleotide phosphate
(NADPH). Thus, it was expected that this assay
could be applied for the detection of G6P instead of
glucose by bypassing the reaction catalyzed by

P concomitantly  reducing

hexokinase. In the modified assay, G6P-DH instead

of hexokinase and G6P-DH. To confirm the

06 r
05 F
04
03 F
02 r
01F

0 L
—0ll GIP  G6P  F6P FI6BP Gl

substance (conc. at 83.8 nmol/tube)

0.D. 340nm

Fig. 1 Specificity of the new G6P assay established in
this study

The specificity of the colorimetric reaction by the newly
established G6P assay was confirmed: glucosel-phosphate (G
1P), glucose-6-phosphate (G6P), fructose-6-phosphate (F6P),
fructose 1, 6-bisphosphate (F1, 6BP) and glucose (Glc) (88.8
nmol each) was used for the G6P assay.

0.8 1
R? = 09994

0.D. 340nm
=)
N

' 0 20 40 60 80 100 120
G6P concentration (nmol/tube)
Fig.2 Standard curve for the G6P assay
Standard solutions of G6P monosodium salt (0~110nmol)

were employed to obtain the standard curve for the G6P
assay.

specificity of the modified method, glucose 1 -
phosphate, G6P, fructose-6-phosphate, fructose-1,6-
phosphate and glucose were used as substrates.
Remarkably, the assay (Fig. 1) exclusively detected
G6P. Furthermore, it was confirmed that detection
by the modified method demonstrated that an
340 nm due to NADPH was
to concentration of G6P (Fig 2).
Consequently, it was concluded that the modified
method
estimation of G6P.

absorbance at
proportional
is suitable for the quantitative assay/
2. Effect of thawing time on G6P production in

frozen adductor muscles

Prior speculation that glycogen metabolites were
responsible for the browning required the
examination of the course of the G6P production in
the adductor muscle as a function of time. For this
defrosted in the
refrigerator (4C), and the G6P present in the

purpose, frozen muscle was
samples was extracted and assayed by the newly
established methods for its
content of G6P in the adductor muscle increased

quantification. The
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between 3~12 h post thawing and then decreased
(Fig. 3). The temperature at the center of the
adductor muscle exceeded 0C at 3 h post thawing
and rose to 4C before 6 h post thawing (data not
shown). These findings suggest that the endogenous
production of G6P commenced above 0 C in the
adductor muscle. A previous report” indicated that
fast production of G6P occurred in the adductor
muscle that was rapidly thawed under running
water (15C) for 45 min.

The effect of the preheating treatment of the
prevention of G6P

adductor muscle for the

production was examined by preheating the muscle

o~
ol

of adductor musle)

0 6 12 18 24 30 36 42 48 54

G6P content (umol/g dry weight

Thawing time (hour)

Fig. 3 Change in G6P content in the adductor muscles
of the scallop during thawing

Frozen adductor muscles of the scallop (n=5) were thawed
and stored in the refrigerator (4C) for 48h. The G6P
contents in the extracted muscle samples were estimated
with the newly established assay.

120.0%
100.0%
80.0%
60.0% - 7
40.0%
20.0%
0.0%

Relative G6P content

N\

N

=

40C

storage time @ OO0h

by boiling until their central temperature reaches to
40, 50, 60 and 70C and then storing at 4 C for 0
~48 h. The muscle G6P content collected at several
time intervals is displayed in Fig. 4. It was
observed that G6P content in the muscle without
preheating treatment increased and decreased
depending on the storage time (Fig. 4; Column A),
whereas this change in the levels of G6P were not
observed in the muscles that had been preheated
above 50C. The plausible reason could be that
preheating could have inactivated the endogenous
enzyme (s) of the/involved in the glycolytic pathway.
It was observed that inactivation of endogenous
enzyme(s) by preheating within 6 h after death
was critical for the retardation/prevention of G6P
production in the adductor muscle during
refrigeration.
3. New procedure for shiraboshi production and

its effects on the productivity

Traditionally, the procedure for opening and
threshing the shell reduced the yield of the
adductor muscle owing to leaching of solid content
in the broth during the extended boiling step. The
new protocol employed saturated steam that allows
rapid localized heating, thus aiding opening and
threshing the shell. Thus, relatively lower yield rate
was obtained according to the traditional procedure,
because of the leaching of substantial solid content
in the broth (Table 1)

exposure to high temperatures. Additionally, because

caused by extended
the adhered substances on scallop, such as marine
organisms and their metabolites are also eluted into

N6h A24h O048h

50C 60C 70T

temperature of heating treatmet

Fig. 4 Effect of the preheating treatment of the adductor muscles of scallop on the
generation of G6P in the muscle during cold storage

The adductor muscles of the scallop were preheated by boiling. Upon reaching a central

temperature of 40~70C, each sample was stored for 0~48h in the refrigerator (4TC).
Column A indicated the thawing of the frozen adductor muscle without preheating. The
muscles were collected at several time intervals. The G6P content in the samples after the
storage were determined by the new G6P assay. The G6P content in the adductor muscles
without preheating treatment, which were stored at 4C for 6h, was set to 100%.
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Table 1
adductor muscle

Effect of the procedure to open and thresh shell on yield rate and denaturation of surface of

yield ratee*?

whiteness** of

solid content in broth

adductor muscle surface (denaturation)

traditional procedure™ 9.5%

new procedure™ 0.4%

11.8%
13.2%

70.8+1.7
56.7%1.3

*1

. traditional procedure condition :
. new procedure condition :

*2

*3

** . whiteness: W =100—{(100—L")?+a" +b*?}'"

boiling for 5 min at 90C
saturated steaming for 10sec each shell surface
. yield rate: mass of product per mass of live scallop

L* a* b* value: Chroma meter difference with colorimeter (KONICA MINOLTA CR-400)

the broth, the broth
secondary usage as by-products. On the other hand,

is rendered unsuitable for

saturated steam ensures the rapid heating of the
shell surface to enable opening and threshing, thus
reducing the amount of solid content in the broth
and consequently increasing the yield rate of the
scallop adductor muscle as compared to the
traditional procedure.

The degree of whiteness/paleness of the adductor
muscle surface represents the extent of denaturation
caused by heating. No difference was observed
between the degree of whiteness between raw
muscle and that after saturated-steam treatment
In the traditional

whitening of the adductor

(data not shown) . opening -
threshing procedure,
muscle due to heat denaturation was observed
along with less productivity ease in adductor muscle
isolation process.

The

traditional and

from the
further
processed to furnish shiraboshi products. The yield

obtained

new procedures

adductor muscles

were

rate of the final product was 3.00% on following the
new procedure as against 2.25% (data not shown)
in the
isolation procedure of the adductor muscle clearly

by traditional procedures. The alteration
produced a difference in the productivity in the
shiraboshi preparation. The new procedure, which
uses saturated steam for a short time interval,
improved productivity over 30% in comparison with
the traditional procedure.
4. Utility value of the hot water extract obtained

as the by-product in the new process

The adductor muscles of scallop obtained by the
new procedure of opening and threshing the shells
were boiled at 70C for 25 min, to inactivate the
endogenous enzyme (s) involved in G6P production.
The amino acid content in the broth was analyzed

(Table 2), and it was observed that glycine and

Table 2
adductor muscle of scallop with hot water™'

Free amino acid content of extract from

mg/scallop** (kg) composition** (%)

Gly 453.5 41.7
Tau 404.9 37.2
Arg 150.5 13.8
Ala 29.6 2.7
Glu 25.4 2.3
others 23.3 2.1
total 1087.2 100.0

*1

. extraction with wap water at : 70C, for 25min
. amounts of free amino acid from live scallops
. relative proportion of free amino acids extract contains

*2

*3

of the
in the extract.

taurine accounted for approximately 80%
total
Glycine and taurine are constituents of bile acid and

free amino acids present

related to cholesterol metabolism in humans and
animals. Whilst the former is sweet in taste, the
latter shows valuable bioactivity”. Thus, the hot
water extract, obtained on boiling the muscle to
inactivate endogenous enzyme (s), would be a useful
by-product.

The traditional procedure also gives off/supplies
hot water extract of the adductor muscle at the
seasoning step. However, since the extract contains
high salt it finds
limited industrial use. Thus, although the extract

concentration and browning,

contains taste components in abundance, it is either
wasted or traded to condiment companies at a low
price. Meanwhile, the hot water extract obtained
from the new improved  shiraboshiprocessing
procedure is a novel by-product. The lyophilized
powder of the extract showed low salinity (0.1% :
data not shown) and no browning. The powder
possesses acceptable flavor of the boiled adductor
muscle of scallop. Additionally the extract can be

applied to spray drying method without desalting
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Fresh scallop
(material)

Isolated adductor
muscle

Soaking in low temp.
salt water

Heating with super

==aus Steaming for 10sec,
each side of shell

Boiling with water meeme 75~100C, 15~25min

=== 6%NaCl (4°C, 20h)

heated steam =exx 140C, 5min X 3 times

Drying with program
coordination of temp.
and humidity

[program parameter]
Temp 40T, humidity 85%

| linear gradient for 10 days
Temp 20C, humidity 45%

Shiraboshi
(product)

==== moisture content (below 16%)

Fig.5 A new process for shiraboshi production

A newly proposed method for manufacturing shiraboshiis based on the results obtained
from this study. Fresh scallops were steamed for 10s to enable opening and threshing
the shells. The adductor muscles were manually isolated and boiled with tap water at

75~100C for 15~25min to inactivate the endogenous enzyme (s). The materials were
soaked into 6% NaCl water at 4C for 20h for seasoning, heated 3times at 140C for
5min each, and then dried with programmed coordination of the temperature and

humidity.

and addition of diluents.

In the new procedure, additional processing is
required, in which the adductor muscle is boiled to
prevent the generation of endogenous G6P
immediately after the opening - threshing step
(Fig.5). G6P is known to be one of the causative
agents for browning in cooked adductor muscle".
Thus, it is necessary to understand the role of G6P
in the browning of shiraboshi products. The new
procedure in conjunction with the use of saturated
steam processing for opening-threshing the shell
improved the productivity of the shiraboshi
preparation. Further, the hot water extract obtained
as a by-product in the inactivation step was
identified as a valuable material.
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Moisture Adsorption Isotherms of Polished Rice for Sake Brewing
KOIDE Shoji*®, ITO Moe* and ORIKASA Takahiro*
*  Faculty of Agriculture, Iwate University, 3—18-8, Ueda, Morioka—shi, Iwate 020-8550

Polished rice for sake brewing is subjected to a rice storage period called “karashi” until soaking.
Generally, just polished rice for sake brewing has a low moisture content, and the moisture content
tends to increase during rice storage; however, the equilibrium moisture content (EMC) in adsorption
has not yet been indicated. In this study, a major sake brewery rice variety ‘Yamada-nishiki’ was
used as the sample and polished to 70% of the apparent polishing ratio, and the EMCs of ‘Yamada-
nishiki’ were determined at various conditions of temperature and relative humidity. It was observed
that the obtained EMCs fitted the Chen-Clayton equation well (R*=0.997), and the calculated
parameters were used to demonstrate the contour line shown by the moisture contents of ‘Yamada-
nishiki’ (70% of the apparent polishing ratio), as affected by temperature and relative humidity. In
addition to this, it was shown that the cracking ratio of ‘Yamada-nishiki’ (70% of the apparent
polishing ratio) during soaking (15C, 120min) increased with decreasing moisture content of polished
‘Yamada-nishiki’. Our study indicates the fundamental knowledge on moisture control of polished rice
for sake brewing during the rice storage period “karashi,” which is one of important processes during

sake brewing.

(Received May 31, 2012 ; Accepted Sep. 3, 2012)

Key words : polished rice for sake brewing, “karashi”, apparent polishing ratio, equilibrium moisture content,

cracking ratio
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Fig. 1 Moisture adsorption isotherms for polished rice
(‘Yamada-nishiki’ ; apparent polishing ratio at 70%)
for sake brewing : O; equilibrium moisture content at
5C, @; 15C, & 25C, —; values were calculated
using the Chen—Clayton equation.
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Table1 Parameter values for the Chen-Clayton equation for adsorption data and statistics of fitting
Parameters
a b c d RMS R*
Y da-nishiki’ t
amada-nishiki® (apparen 4.301 0.023 0.145 1.183 0. 369 0. 997

polishing ratio at 70%)

* RMS indicates root mean square in %, dry basis

ZITE, W12 XYHEMIIRIT 5700, B
WEYEEARIS, FHRICEI VB ONIZNNT A5 (&
1) #%Chen-ClaytonsNIZfCA L, &KFEMEZ R TK
SEMACETE L, WELRBELEE T2 K5FEMREK
ZERLZ (M2),

ZA00Ma
A“"um+ﬂfd (3)

B2 OMEEIZAHR R (%), BEBZEE (C) 2R
L, B oEEHUIR R BRI R O Wb WA O K 55 il
ERLTWS, T74bbH, ELBEOEIS DI,

Z OB T OFHRG 2 BEICHRETE 5, B2,

BEARGVTHER S NTAERBBT0% DK 2 15T,
6% D BB T Tl 5 &, ZOFHKG X
14.3% &5 2 bbb, 2, HUMMNBEEOEA,
KHRIC 2 B I &R E S 2 b, W5 C, Hxhe
JE65% D & &, KD 1314, 8% ZHIN$ 5 = & 5K 2
IWRTENRS, B, K2IHEET0%DNEKBEDEK
® 7 — % % Chen-Claytonz\ TN L TR L 72d O T
BB, KEGHEEH OWEELTHR TR RESZ O RITK
5710%% T2 Z L 5%, £ DilEBY T,

80

\il.

|

70t
60

50

&l &I [=lE]

40
30¢
20k __J

10 15 20 25
Temperature (C)

Relative humidity (%)

a1

Fig. 2 Counter line based on the Chen-Clayton equation
that shows the equilibrium moisture contents (%, wet
basis) for polished rice (‘Yamada-nishiki’; apparent
polishing ratio at 70%) for sake brewing, as affected
by temperature and relative humidity
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Effect of the Molecular Interaction between Wheat Proteins and A-lactoglobulin
on Wheat-flour Dough Formation
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Here we investigated the effect of skim-milk proteins on both the decline in baking quality and on the
reversal of the decline in baking quality of skim milk. 8-lactoglobulin (8-Lg) molecule interacted with
a part of gliadin and lysed the gliadin molecules. In case of the heated mixture of A-Lg and x-casein
(k-CN), the influence of 8-Lg on gliadin resolvability was low. Further, these results revealed that the
decline in the baking quality of non-heated skim milk or low-heated skim milk was because of the
dissolved part of gliadin. In addition, the results suggest that the decline in the baking quality of high-
heated skim milk was reversed because of the influence of A-Lg on gliadin resolvability ; hydrophobic
interactions of the heated polymer of A-Lg and x-CN with gliadin reduced the resolvability of gliadin.

(Received Apr. 10, 2012 ; Accepted Oct. 11, 2012)

Key words : baking quality, gluten formation, heat denaturation, hydrophobic interaction, K-casein

BN, TNT VI, BN, BOUKTEMIEAEH, x-A A ¥

NZIE, RRFY oL, BEExto Rl S
@ﬁh?ﬁ‘ﬁ}ﬁﬁé nnZ e SEERILIZ &g S
nTwa’, LA L, BIERALITEEBRIIE W ORE
REFECS e EOBIMIEZITTBY, ZOMELEIC
o U TN ENEL SN D MBI L 7 BilEts
HEHVWDE, 77202 OHNPLLEROBA R E

BOS YRR LYY, R AL L 22 BB FL T,

B VR TSI S R O & AHEBRIGIC 1S T b

FXELIE, FT—F NI HATHDa-T I FT IV
73 (ela) EB-57bra7Y >y (BLlg) &, KE
PRI MR R TS5 L2 HE LAY £
7z, REWUDHEA VLB HEHETLZIL, R

—9yﬂ7ﬁaﬁ€4y%ﬂébM%?%k%h%@@
INUVERHENSHEET S &S, MBI X > T B ¥
(xCN) &FxT— 9zn7§#yxw74bﬁn($
A WX VHAREERT A EEHLMILRY,

L2L, INBHASY v 87 EOEMIRED /N
DEWELRDTIVT Y OREEICED L 91T HE KT
LTWBONERBHTH 5,

ZFITARMTIE, BLgDBN Y HETOERZ S O
WZA-Lgh k- CNEMAKRZTL T 5 2 L2 X A28 %
BETEHOBERIZOWT, Ny v 82 F L8-Lgd
ST EAHEAERICEIR URE 2175 720

%1  T156-8502H A HAX R 1-1-1
§ Corresponding author, E-mail : tomo@nodai.ac.jp

* 2 T156-8502HU At A X AR 1-1-1



88 H A i DRERE 2 &2

VOL.39 NO.2 2013

(24)

A5 LUEREE
1.8 #

FHRERFE LR THE SN TV LA, kv
¥4 A L DPALAEAELLTITIEL, 7Y —24
LNV — 5 —1CCHIRD & ok 1%, JEmEUBIRTL 2
Fi7zo £72, ZOIFMBBIEFZ80C, 305 HALE LN
PRI R L 72,

2. 2L NNV EBOSHE

B-Lg 1 AsCHAFFEBURG 5 @ J5 i 12 Hit v, x-CN &
IGARASHIH P D TV SR L, BEHSE (RLE
I1-205, JLRIEZeRdmsti) Silee L7z,

3. N ORBED KUEN MO

N DOMRBEB IR HEDOFMIZO VT
KixucHr 5° O FEIZHEWIT o720 %8, B-LgB X Uk-CN
OTIMEE, 200 g W3 LB 6 g @AY
T8 s B (HARMWEERGESE) &L
NYDODRERBIVOYZ 7200 31%, L5 v /87 QiR
MmofEZ100& LHEXE (%) TELK,.

4. MERGERIEERWENER S N B EL-LgD

S FEEEEH OB

)7 Yy (TCH BLUZ V5= (TCD 0.5g
WZIBERL0. 5me (& 287 B & L Cl7mg) % 72130. 1M
VYRR (pH7.0) IS L 728-Lgk k- CNOEE
AE0.5me (F o8B mE LT 2mgd D) ZiRMLE
G L7z 20, REWITEMAKZIMZ 55 Bk
LR aily NV Bz R E, RiE%p-Lebithk& DX
ISt L7z Z2d, —XPifkE L TRabbit anti-Bovine
beta - Lactoglobulin  Antibody  Affinity  Purified
(BETHYL Laboratories), — X #t & {2 1ZECL Anti-
Rabbit IgG HRP-linked whole antibody from donkey
(GE Healthcare) % H 720 # H 12 IEECL PLUS
Western Blotting Detection Reagents ( GE
Healthcare) #M\C, ChemiDoc (Bio-Rad) 2 & ¥ 47
272
5. BAMIOY TS T7 1 —IC&B 2NV EDORE

SHEWRY B D HEIEVIIH L7227 72 ¥ 2mg%k
0. IMFERE#E B (pH5.0) 1 meliEM L, [l &

T F 5 /b & & 7-Butyl-Toyopearl 650S (¢1.35cm x 4
em) (ZfEL720 ZDTk, T¥ 7 —)ViEEE0, 40, 100%
DAT v TITA XEMEATV, ¥ 287 H13280nmD ¥
ARERII S TR L7z 72, AR RIS CpH5. 0127
BWL728Lgk k-CNOEGHE (F X7 HREREL T
mgd o) 1mé% FHMAEICHE LRBRICEH 217 - 720 Bl
L&MW, Fy b7ay MEICE YR LM %
To72 =B, PURPUARUGIE ERL 4 1I26EV 1T - 72,
6. JUTTLOBBEEENOENR

77 Y Y (TCD 1 giZB-Lgkk-CND R & & ¥
(7 ERELTS5mgd2) 1wl RIMLEAE L7
Z D%, FRANCESS" D HEEQR LI Y 7Y ¥ &40
L, Sy V80 ENE 2570 TV ¥ OIEIRET) % RHT
Lz Tbb, Z7VT7 VAT 7 EOBREWC
MAKSmMEMAAEYFA Y- (kX3 by, 47
07y 7« =F 4 ) ISToktE, sa0srRE (6,000
xg, 205°f, i) L kW (TEEms, S1) 2145
720 51T, TRBICH L50mM N U A — EEER T (pH
7.8, S2) I CRBOEEZ TV, IHR50%7 0
I8 = VIR (S3), 0. IMREEMEW (S4), 1%SDS
W (S5) B LU0 INKEIEST bV 7 AW (S6)
V2T A5 WA A A A 7o A5 OV iR BE15% @
SDS-PAGE (Me+) ZftL, €I FSATuv 54~
ZIWZXYPVDFREIZ Y VR0 B R BB R, YA VT
Oy MEZTZY TV v B L, B, VTV
O—RPiARIZ1Z Anti Gliadin from Mouse CE-3 (Cosmo
Bio), - X¥ufKIZIZECL Anti-Mouse IgG, HRP-linked
whole antibody from sheep (GE Healthcare) % H v,
Mo Eig 4 1268 WIT - 726

XBEER
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BNV R E T2 24, WmRME KL, HERK
(%) 1% 80.2+5.3 (£SD), 79.0+0.9, 1 & (%) &
215.7%19.0, 142.8*9.6%/~RL, B-Lg7Z 7 T4 < x-CN
DENUMERE LT SR (Tablel)o F72, W

Table1 The baking quality of bread made from dough containing B-lactoglobulin (8-Lg) and x-casein (x-CN)
A-Lg k-CN Mixture
Control
Unheated Heated Unheated Heated Unheated Heated
Loaf volume 100.0 80.2% 79.1% 79.0% 89.1% 79.4 105.4
Standard Deviation 3.5 5.3 6.0 0.9 4.3 2.3 4.3
Hardness of crumb 100.0 215.7* 196.5* 142. 8% 179.4* 210.4* 86.0"
Standard Deviation 19.1 19.0 22.5 9.6 5.6 10.8 5.0

A comparison of the loaf volume and hardness of crumb values of bread made from dough containing 8-Lg, x-CN and
a mixture of 8-Lg + x-CN with those of the bread made from dough containing no skim milk (Control). The values
for control were set at 100. The experiments were repeated 8 times. Asterisks indicate values significantly different

from that of the control (p<<0.05)
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UHT HT UHT HT UHT HT
Gliadin .
Glutenin
Fig. 1 Molecular interaction of A-Lg with gliadin and

glutenin determined using antigen-antibody reaction

Primary antibody of A -Lg Rabbit anti- Bovine beta -
Lactoglobulin antibody (BETHYL Lab.) ; Secondary antibody
of B-Lg, ECL Anti-Rabbit IgG HRP-linked whole antibody
from donkey (GE Healthcare) ; UHT, Unheated; HT, Heated
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Fig. 2 A comparison of the hydrophobicity of gliadin
and the heated polymer (8-Lg/x-CN) by using
hydrophobic chromatography (Butyl-Toyopearl 650S)

A, Chromatogram of gliadin; B, Chromatogram of a mixture
of f-Lg and x-CN; Symbols, — Gliadin ; - Unheated
mixture of 8-Lg and x-CN; ----Heated mixture of A-Lg and

k-CN; Ethanol concentration
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Ethanol concentration of eluted fraction

0 40 100 (%)
Unheated
(B -Lg/ k-CN)
Heated { b
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Fig.3 Dot-blot detection of f-Lg of separated fraction
obtained from hydrophobic chromatography experiment

Primary antibody of £-Lg Rabbit anti-Bovine beta -
Lactoglobulin antibody (BETHYL Lab.), Secondary antibody
of B-Lg; ECL Anti-Rabbit IgG HRP-linked whole antibody
from donkey (GE Healthcare)
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Fig. 4 Western blot analysis of the elution behavior of
gliadin containing milk proteins

The fractionated proteins were analyzed using SDS-PAGE (T
=15%). This PAGE was then transcribed onto a PVDF
membrane by semidry blotting, and was analyzed by western
blotting (Anti-gliadin). S1, Water; S2, 50mM Tris buffer (pH
7.8) ; S3, 50% Propanol; S4, 0.1M Acetic acid; S5, 1%
Sodium dodecyl sulfate ; S6, 0.1N Sodium hydrate-soluble
fractions
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Improvement of Cultivation Techniques
for Improving Quality of “Naniwa Traditional Vegetables”
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