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Purification and Characterization of o-glucosidase
from Rice Bran and Production of Ethyl-a-D-glucoside

UcHino Masataka*®, ABe Yukiko*, Irisawa Tomohiro*,
Nocucur Haruko® and Takano Katsumi®

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

In this study, a-glucosidase from rice bran was purified by chromatography and electrophoresis.
This enzyme has a molecular weight of 310 kDa and consists of 4 subunits with a molecular weight
of 76 kDa or 36 kDa. The N-terminal amino acid sequence of the 76-kDa protein was found to be
similar to that previously reported for a rice glycosidase. However, the molecular weight of the
enzyme differed from that reported for any rice glycosidase. The enzymatic properties of this enzyme
were almost similar to those of most rice o-glucosidases. However, 2 properties, that is, the pH
activity and thermostability, were a little different from those reported for polished rice. This enzyme
was stable in ethanol up to a concentration of 10% ethanol. In addition, its activity in ethanol did not
decrease up to a concentration of 20% ethanol. Ethyl-o-D-glucoside was optimally produced at pH4.0
and 40°C.

These results show that a-glucosidase from rice bran can be used in the production of ethyl-o-D-
glucoside.

(Received Sep. 8, 2011 ; Accepted Apr. 19, 2012)
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1. EBMH

AT KICIIWHARIEE I e ) 2l K
FRICTIO%IBME L, oK% SfEROANFF VT
4 CICTISHEBFE L, IR ZHIM L7z 208, K
(No.2) ZHWTHEIEEL, HWwT4EmonFt s
WXk Lz, 512, ThaiiEl, ~F9ra2es
EIZHRELZD0ZBIREME L.

NG KRS0 g 12, 90mMIE LS + U 7 A % & E20mM
WEme A% i (pH5.0) 250mé% Nz, v Aaboa v (R
H R ER S BAE) IS THRETX 54 2k, 128
M, 4 CIZTHEEBMM L, 208K, 7—EIZTHEBE,
w0gEE (15,000rpm, 2547, 4 C) STz B
WIS, 30%BfEEIC R A L) ICHBET v = 4 (B
) EMARIT, ABLL7Y 82 BE R EOLM
T ODAEHC TR E, Soh LERZHESRE Lz,
2. BEEMBLUOECNIEEORTE

-7 N F—EiEHIEPNPG (p= bR 7 2= )V
VAE T )Y R) FEISTHE LY, 20mM PNPG% &
L1.0M~ v 7 VAR VRRME A0, BEFRIAR2000, HHK
1,360l %, 37CT30H ML Sz, 2D, 1
M®D T MY 7 2400000z, 400nmiZ TWOGEE % &
L7zo BERHATIES7TC, 14Mikp=tarz/—01
ol % WEMEST A% Lunit& Lize 7 Y87 ERIET
7y K74 — FEITTIT» 72",

3. N aAVE—EDFER

TOYOPEARL Butyl-600S (3> —#L#l) %k L
Bk Zu~< 757 14— ($2.0cmx 26cm) (ZFRE L
THIERZB L, H 50 L o30%EH MY % & 20
mMEEERE @ (pH5.0) IS TPEEIL L2 h T A ISR
W2 T, KRS K 2 200mei L CREi L, B2 fafl
HEE30, 20, 10, 0D ENERAT v 774 XEH (2me
/min) %475 72, B E % 8ml, EHSOARLSIL, E
SENRVEM 43 % [N, MRS TEN L, ToCiEET v
EoULEREL.

Bikz o< 757 4 =12 CHULL 72236V 45 % 4B
HE&EBEERIKE ¥ A5 2 (Bio-Rad Laboratoriesth:
# : Rotofor) % H\WTCTHMW L7 TiikEh#, MKz
WL 5| B2, TGP 4 12Biolyte (pI 3 ~10) % il
2% (v/v) 2B X oMz, 5SomiICER LD D%
VAT LM L7z, ARukENIE2. 25W, 4 T2 C5. 5RFH

v, 2o, £REE (20%) X5 RS % 1
WL 720 B, BHEIZIZ0. 1M ¥ ERE#25me, FEi
WA2130. IMAKERIL F b U w7 A 25me & I\ 720

4. BRAENS KUNKFT I/ BECS

STV L A IKENC X 0 24 S N7 Ik I 40 % A
#, Native-PAGEIZfit L, CBB§:fuic X ) ¥ ¥ 32 g
R L7200, F72, NV RORERR SN EY D
WL, SRR CREE 2 MINEE, PNPGEEIC TIRMEMERR %
Tl olze SHIT, WHEDSHERINI N F2yg L,
SDS-PAGE% 17 » 72" 7 3, # )V ide-PAGEL 12.5%
(ATTOME) %2 v, & v 87 B DYt iZCBBIZ TAT
572

& VN2 B % SDSPAGEHRD T Vs, €I F54 7
Oy 74 v ZHEICCPVDEEANEE LY, Jurf vy
— 27 T v ¥ — (PPSQ21A SHIMADZU#:#) 12 TNEK
Wi 7 X BRECHI & fEAT L 72",

%8, 5Miia-rVvayy—reBbnhb75kDak, 35
kDa® ¥ ¥ 8 7 BT DWW TNEK WG & 2058 2T L 720 2
N5 ZDDB]JOFASTA % v CHIF DM %17 -
720
5. a-ZIaAY F—tEDOEBEETOMASIEEN
(1) EHICHT 2pHOEE  50mMO~Y v 7 VX
VR (pH3.0~8.0) % vy, EEE UG I3 3 % pH
DR AR T % K PpHIC T4 C, 240 i L 72
BBOG (pH5.0) SHEEAAEEZWE L7z 2B, G
FIRARTEYEZ100 & L7z AHHEN: & L TR 72,

(2) BHICHTIREORE  30~80TC THEHZNIL
#1719 &3, pH5.0, EREKIMEEICT 3 RERIE L7z
b OO PE Lize 2B, MR A% 100
EL72MHESEE LTRD 72,

(3) EHICHTAIIE/ —ILOBE  BUSHEICHE
BE10, 20, 30, 40, 50%& 75 LHIZTy /)= EIMZ
WwENEZ T 720 72, 10, 20, 30, 40, 50, 60% D
IH ) —VIBREICTT 4T, 24REIIE L7212, BEATIC
Txy J —VEBREELUBRMAGENE L7z, 7 a
— VRN b OO E%100& L, Mxbibk e LTk
D7z,

6. -7V E—EICLBEGHEEN

EGOERIX, LT O TIT - 720 BEE Il %
KA RIEYE & L 0. 05U, 50mM~ v 7 VX Vg,
<RIV — REEO.AM, ¥ —IViEE20% (v/v) &
B XM LA0TCIZT, 8BRS X872, RS
A HIC CLO B INBALEE L, BRI S8, Kinfk
DEWE TV 74 NVT — (20um, BV —FH8) (2Tt
Lozl L, FTieieBTllEEITo/e 7T
2 5 Shim-pack CLC-NH,, B#jtH, 7t r=F V) :
K=75:25 A F AR E;40C, ¥ #E 1nl/5, B
o RID-6A (BEBERT) o

B, WP RBECGHO A K E (mM) B L Vi B X
(%) & LTRL7z, BERIL, KBERICL->TIL Db
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— 227 )=V HER LG E, YV =R 15T»
SEG1AT &7 Na— A 15 THEET 5720, 5
EEWHOEGREB L7 Vva—2ga2llEL, KX
THBHEZRD 2,

R (%) =EGER=/7 VI — AEK= X100
(1) &¥pH  pH3.0~8.0 (50mM~ v 7 VN ¥ #&
i) IS TRIBEATV, pHEEGERER & BRBIR % Bk
L7

(2) BEEBE  30~70CIC T8RS L, MEEE
EGA R & & O BtR% B L 72,

1. a7 a4 —EDFER

HMiEE# %, TOYOPEARL Butyl-600S% $H4k & L /2B
Kora= 7574 —ICTHREZT - 7288, Bidetufl
IBFEL0, 20, 30%ICBWVWTC, FhENEHEY -2 (Fh
Z10.092, 1.029, 0.068U) &AL 720 b HWIF
% R U 72 22 B A B 20%% 1 43712 38\ TS B E | oML S
FITHRT2HMEICER/ L, 59.6% D% FIL L 72,

RIZ, Z OB EERIEEE20%M 45 % 5 BUHIEFIC L D
WM 2 AT o 7245, pHA. 5— 4. 80T I ¥ — 7 545
b, D) LpHA. TORIG &SI L7z,  OW%G %k
BEEE L L, ZoEM30.210T, R 5 1
AL, 12.2%0EM 2B L 72 (Table 1)

AREERORFEIT LB I E TR DS 5 Th b 720,
VB OEBETIC 050 TH S LH L7z,

2. KFo- IV F—EDHBEBITE LUNKF7 3

/ BRECS AR

5 BE% £ % Native-PAGEIZ L3 U 72K &, 310kDafy
WFELE NV FA%, 150kDaff i iy & MR &
N 7: (Fig.la), Native-PAGEIZTHE LN/ 5 I8
BNy RO L, oM ERE 1T o 72858, 310
kDafHiE i O RIEES R S N2e 2O L2 b HRYEE
F13310kDa & HELE S L7z,

Native-PAGEIZ & D 1% 5 1L 72310kDaf 5 d ¥ > 28 >
BNy FHsa g ) L, B%, SDS-PAGELZfit L 7:
YL 76kDa 36kDall ¥ v /87 BN v ROSREER S 7z
(Fig.1b)s D Z & H 5 HIYEEFE 1X76kDa L 36kDad
Ty PSRRI TWEZ EEZ BN T2,
Native-PAGESDS-PAGED Z B B X OV efa i B h 5,
Wy 2134 25D76KDad 1=y B LU 1DOD36
KDad SR SN AT a5 mED5 VN0 ETH 5

Kb o-rNvayy—¥ 267
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Fig.1 Native-PAGE and SDS-PAGE of o-Glucosidase
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MR I N,

SDSPAGEIZ X ) 517z, 76kDa & 36kDad ¥ ~
NZENY FONKET I 7 BREY 2@ L, Zh
FN16FEFE Z2 B L 720 76kDad ¥ ¥ 8 7 H 1k
VYIPYXTSAGVVGGXXNVXV T& 1Y, 36kDa Tl
ANFNIKTKTKIGQGQXGXXXTH o 720 Th 5D
5% FASTAIZ THREMEMSR L 72458, 76kDald ko
B R = B (H2KW82_ORYS] H2KWS82) £80% D
HIFEMES, 36kDalc > W CIEEWHIFEMEEZ RS 5 v 87
BIMBENL o ZORPELY KEiD0-7 VT Y
¥F— Vit A5 5 8 HOAKIZT6kDaTH % &
Zz bz, ESIIRHREw-Z7 VT Y F—EIiZDONnT
FER ATV, 47.3, 58.0, 64.0, 84.0, 96.0KDa®d 7 A
VAL LEHBTHDEY, L L, KEEEZIZ76KDaTH
o727, INSEEFRLRLETA VYA LTSN
W ibs Nz oo RkEEz 5D, EWERKITBIT
H7NVa vy —XixH2sKDa GrIRW ;5 Chaetomium
thermophilum) ~335KDa (F v b) EWEDILEWAS, Z0
% { %50~100KDaTdH ), AEEHD ZOHHATH -
7o, EBIZ, NativeZe iREEIZH310kDaTH O, HHith
WZHhBHKHAK TN Y ¥ —EDI00KDall F & 1325
TW"Y, oL, olWiEcldilakz kL 2
LOLEMEEN, WATT v FD1300KDak O
bHDY, TOTENH, RERIIWMEICH - 7KHR
TNaAYF =Bl IIRAEERHENRE L LD DL TFHE
N5,

Table 1 Purification of o-glucosidase
Total Protein Activity Specific activity Purification rate Yeald
Steps . . .
(mg) (unit) (unit/mg protein) (fold) (%)
Crude Enzyme 375.7 4.68 4.5 1.0 100.0
Butyl Toyopearl 92.9 1.00 10.8 2.4 59.6
Rotofor 5.2 0.21 40.1 9.0 12.2
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3. KBFo- /N F—EDEZHETICH T 2INKDEE
EMICOWVT

Kifa- 7V ay ¥ —YOREiRE - pH, @E - pH%E
EME, =¥ ) —VAIE T TOWEMEB X T ¥ ) — ikt
T 5 REMZ 724 F % Table 2 128 L7z, i il &
1350C T, LI h b REK IV I F—L LKL
5 CHAo7ze F72, MEREMIISHCETLETHY,
WMEICH DKM T Y 5 —EOREREDOH AL E
LTWizo E 512, HopHiZ4. 0k Kk HEEEE OIS
DHEFARNTH o 72708, oL s bk, KwpHT
Hotze T, pHEEMIX3. 0~8.0& ik o K kB2
FLVWENETH o720 DX, KEEhkER KT
L, MOEMIHAET LNy ¥y —X LT
BLDLT7A VA LTHEIEIRBEINT, BB, T
y ) —=niZxtL, 0% THRETHY, =¥/ —ILOiF
PRI % 3 BE20% F TR SN D LoD,
DIRE TG MK T 9 A 2R S 7z,

4, KBFo-J N F—EDEGEEMIZONT
Kito-Z7Vvay ¥ —¥omESLpHIZ X AEGHENED
MR A Fig 2 1R L7z, fewipHiZpH6.0TH b, pH4.0
~6. 0CTHWVEGEKR=Z R L7z, I I MK O ik i#E
S TR TH o2 T, EEBRIIpHS. 0D & &

WCIRKEZ R L7722 &2 5, HwpHEMAET Tk
EFPH I NT, FNVa—2AEKEMET L2720 TH
bLEZ LNz, REREIZ40CTHY, Tok, Kb
M EAICHEVEGE B EIZMK T Lz, F2imBEICD
WTIE, EOREIZBVWTHIZEA LA LNT,
MEE B5 & & S IR S b I S izt ZE 2 oh
%o

FN6Ix, Aspergillus KD a-7 VI ¥—¥IZL 5
EGA D REE % 17\, pH6.0, 45C TR KD LR %
MLEZEZHRELTWEY, 2O L5, Hknk
BAHNVAVF—EEMELTD, (ZITFE UM CEE
PHEICHELDDEEZ OND,
ERAEPRKETDI0%H ), 10mMEL EDOEGA #E
MU HETdH 5 728, Kbz FIH L 72EGH E 3 KA H &
BOFMGEHE LTHERHZbDEEZ %,

ITFN-o-Z NIy FEEZY HWIKRBHERE V3
¥ — YO % #d 72, Native PAGEDfE #, 310kDa
EIIER RSN, 0y v 87 BNy FIESDS-
PAGED#SE, DTTHM O A T76kDa & 36kDalZ 758 L
72ehn, VALMT 4 FEAICIVEALTWELEHE

Table 2 Characteristics of alpha-glucosidase from various organisms

Sample Opt. Sta. Opt. Sta. Ethanol Activity
(Organism) Temp. Temp. pH pH resistant  in Ethanol

Rice bran 50 ~55 4.0 3.0~8.0 10% ~20%

Panicum miliaceum™ 50~60 ~45 4.5~5.0 2.5~8.0 - -

Oryza sativa® 55 ~50 3.0~5.0 4.0~7.0 - -

Allium fistulosum” 55 ~45 5.0 3.5~7.0 - -

Vigna radiata®™ 60~65 ~65 5.0 3.5~6.5 - -

Lentinus edodes™ 50 ~40 5.0 4.0~6.0 - -

Sus scrofa™ 60 ~65 6.0~7.0 6.0~9.0 - -

Fagopyrum esculentum® 52 ~45 5.0 4.0~7.3 - -
+16 50 16 50
S ?8 _ -4o¢
E12 23 =12 —
= SO Z S

Q N2 N
= §E o 102
S8 58 L8 g
s S 20 £ 2
= SO ks IRV C
= & M = “% >
ER s ghip--t o £ 8
2 E e =
~ S e
. & . . .
3 4 5 6 7 8 30 40 50 60 70

pH

Temperature (T)

Fig. 2 Effect of pH and temperature on productivity of o-EG

UcHINO et al.
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Effects of Cultivar and Harvest Season on Rupture Stress and Rutin Content
and Their Changes after Harvest of Asparagus (Asparagus officinalis L.)
Cultivated Using the Long-term Harvest Production System
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MoTok1 Satoru*'", Kitazawa Hiroaki***, Sakar Hiroaki*!,
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* 1 Nagano Vegetable and Ornamental Crops Experiment Station, 1066—1, Soga, Shiojiri, Nagano 399-6461
% 2 National Food Research Institute, National Agriculture and Food Research Organization,
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We investigated the effects of cultivars and harvest season on the rupture stress and rutin content
of open-cultured asparagus by using 4 cultivars that were 6 years old: ‘UC157,” ‘NJ953,” ‘Gijnlim,” and
‘Purple Passion.” From the results of the rupture stress test, we found that ‘UC157 could easily be
hardened during 7-day storage throughout the harvest seasons. ‘NJ953° and ‘Gijnlim’ also showed the
tendency to harden during storage in autumn. In ‘UC157,” ‘NJ953,” and ‘Gijnlim,” rutin contents in
spring were higher than those in summer or autumn. Among the cultivars, ‘Purple Passion’ had the
highest rutin content from summer to autumn. These results suggested that rupture stress and rutin
content and their changes after harvest were affected by cultivar and/or harvest season.
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perceived by receptors,
transient changes
concentration (Ca®*). Ca’" sensing protein is capable
of binding to free Ca**
modulated protein calmodulin (CaM ) ,
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The Calmodulin-Encoding Gene BoCaml:
A Sensitive Wound-Responsive Gene in Cabbage

Taammawone Manasikan™, HEwAJULIGE GANGA Namarr Ilmi*, Kanera Tomoko*,
NakaMURA Nobutaka*, Ito Yasuhiro* and Spmna Takeo*®

*  National Food Research Institute, National Agriculture and Food Research Organization,
2—1-12, Kannondai, Tsukuba, Ibaraki 305—8642

Given that calmodulin (CaM), phospholipase D (PLD), and 1-aminocyclopropane-1-carboxylate
(ACC) synthase (ACS) play important roles in plant stress response, we investigated the expression
of CaM-encoding genes, BoCaml and BoCam?2, PLD-encoding genes, BoPLDI and BoPLD2, and ACS-
encoding gene, BoACS2, in wounded cabbage (Brassica oleracea var. Capitata L.) leaf disk obtained from
the first layer of the head using a cork borer. Normalized with the internal standard, quantitative real
-time PCR revealed that wounding treatment significantly elevated BoCaml levels, with the highest
level occurring 60 min after treatment (6.4 fold). Although BoCam2 expression levels were low, a
significant increase was also detected at 60 min (1.6 fold). For PLD-encoding genes, the expression
level of BoPLDI was only 1.5-fold greater 120 min after treatment. The expression of BoPLD2 also
remained low, and no clear differences were observed among treatments during the investigation.
Additionally, the expression level of BoACS2 decreased at 15 min to 30 min and then its level rose
again to 1.6-fold at 120 min after treatment. However, the expression level of BoACS2 remained low
during the investigation. Overall, BoCaml is likely a wound-responsive gene that is induced to high
expression levels after encountering stress. Moreover, because of its high sensitivity to the wounding
stress, BoCaml should be taken into consideration in further study of postharvest mechanical stress as
it may be associated with the signaling cascade and cellular stress response in cabbage.

(Received Sep. 21, 2011 ; Accepted Apr. 12, 2012)

Key words : I-aminocyclopropane-1-carboxylate synthase (ACS)-encoding gene, cabbage, calmodulin (CaM)-
encoding gene, mechanical stress, phospholipase D (PLD)-encoding gene, wound-responsive gene
ACCHWIMEF (ACS) a— FitfaT, ANVEFT2Y ¥ (CaM) I— Fl#IfZT, Fryxv, #§E
&SI F, 74 A7+ 8—+F D (PLD) I— F#fEF, WHA ML X

In plant cells, biotic and abiotic signals are multiple CaM isoforms in a single plant species

resulting in rapid and have also been reported to be induced by particular
stress signals. For example, in tobacco, expression of
NpCaM-1
stimulation, but NpCaM-2 was not induced by these

stresses”. Additionally, MBCaM-I mRNA of mung

in the cytosolic free calcium
responded to wind and cold
such as the calcium -

an acidic

shock

protein that harbors four elongation factor (EF)-
hand motifs and that is present in all eukaryotes.
Ca’"-bound calmodulin interacts and regulates the

activity of a number of proteins involved in a

variety of cellular processes that respond to

environmental  stimuli, including abiotic and

1)~5)

mechanical stresses””™. The increased expression of

calmodulin genes in response to mechanical stimuli
(wound, touch, wind, cold) has been described for

6)~9)

many plant species””™. Different expression of the

bean exhibited a transient increase in response to
touch stimulus, while MBCaM-2 expression showed a
small increase as compared to MBCaM-1".
Phospholipase D (PLD; EC 3.1.4.4) belongs to a
which
phospholipids to phosphatidic acid (PA), a plant lipid

lipolytic  enzyme  subclass, hydrolyzes

second messenger. The rapid increase (within

minutes) of PA level has been detected in response
to stresses including wounding, pathogen attack, and
PLD has been proposed to

ethylene. Moreover,

§ Corresponding author, E-mail : shiina@affrc.go.jp
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contribute to PA production during stress responses,
and the activation of PLD results in elevated levels
of PA. PLD gene transcription and protein activity

are also known to increase upon exposure to

10)~13)

various stresses . In plants, multiple PLD genes

have been identified and encode isoforms with

distinct regulatory and catalytic properties. Five
classes: alpha, beta, gamma, delta and zeta of PLD
genes have been described in Arabidopsis thaliana
and two PLD genes were isolated from Craterostigma
plantagineum. The involvement of PLD isoforms
(CpPLD-1 and CpPLD-2) in the stress response was

W19 - Furthermore,

also discussed in C. plantagineum
most plant PLD classes have been shown to harbor
an N-terminal calcium-dependent lipid-binding domain
Although the

relationship remains unclear, the increases in Ca®*

and require Ca** for activity.
and Ca®-bound CaM in response to stimuli may
in the
regulating PLD or PA signaling"

play positive roles stress response by

~18)

Horticultural commodities, including fruits and
vegetables, are exposed to various stresses during
harvesting and postharvest handling. Some of these
stresses, such as wounds and mechanical injuries,
occur throughout the fresh produce distribution
chain. The responses of fresh produce to mechanical
stress can be detrimental, leading to physiological

~20 " Changes in

disorders and quality deterioration
quality of harvested fruits and vegetables may also
be affected by

enhanced by a number of stresses. Wound stress

ethylene production which is
has been reported to induce ethylene synthesis and
ACS fresh

abundance of BoACSI transcripts has been found

expression  in produce®~®.  The
along the stem (in the first layer, the inner layer of
stem, and the basal portion of curds) of harvested
broccoli, whereas the predominant accumulation of
BoACS2 transcripts was detected distinctly in the
first layer (wounded, cut surface) of the stem®. Thus,
the BoACS2 gene might be
response of harvested fresh produce, particularly in

involved in stress

the wounded area. Moreover, according to the
ethylene effects on quality deterioration process,
Chen et al. also demonstrated the implication of
ethylene and 1 -aminocyclopropane -1 - carboxylate
synthase (ACS) gene expression during senescence
of Brassica oleracea var. Italica™. In cabbage, the
effects of wounding/cutting on volatile compounds
and the

cracking of leaf

influence of mechanical stress on the

layers have been previously

d?-#®-* Moreover, touch stimulus, insect

investigate
feeding, and pathogen attack have been shown to
induce changes in gene expression of cabbage and

30)~32)

Brassica species . Nevertheless, the biochemical

and molecular mechanisms that govern cellular
responses to the postharvest mechanical stress in
cabbage remain unknown.

Taken together, Cam genes and PLD genes are
important in signal transduction cascades and stress
response metabolism in plant cells. In Brassica
oleracea species, CaM-encoding genes (Cam! and
Cam2) and PLD-encoding genes (PLDI and PLD2)
have been previously described®. However, the
expression of these genes in response to mechanical
stresses has not been vyet clarified including in

cabbage. Furthermore, changes in ACS gene
expression of cabbage following wound stress have
not been well-studied. Thus, in this study, we
investigated the expression of CaM-encoding genes
BoCaml and BoCam2, PLD-encoding genes BoPLDI1
and BoPLD2 and ACS-encoding gene BoACS2, which
are likely involved in the stress response
mechanisms and subsequent quality deterioration of
cabbage. The cabbage samples were subjected to
mechanical wound stress, and gene expression was

analyzed within 5min to 2h after stress treatment.
Materials and Methods

1. Plant materials and treatments

The ‘Harukei 305-Gou’ cabbage heads (Brassica
oleracea var. Capitata L.) were obtained from a
supermarket less than 1 km from the laboratory of
the National Tsukuba,
Ibaraki, Japan on February 6, 2011. The cabbages

Food Research Institute,

were carefully transported to the laboratory in a
cardboard box. Upon arrival, cabbages were selected
based on shape and size uniformity and the lack of
symptoms. The selected cabbages

wound were

incubated at (approximately
20C) for 6h.

A cork borer (¢ 2cm) was used to wound the

room temperature

cabbages by punching the first layer of the head
leaf pack on the side opposite the core (the cut
end). The cabbage leaf disks were sampled at 0, 5,
15, 30,
treatment. The leaf

60 and 120 min after the wounding
disks at 0 min were
immediately frozen in liquid nitrogen. The other leaf
disks were placed on filter paper soaked with
distilled water (20C) to avoid dehydration until the

sampling time. The collected samples were stored at
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Table 1

Primer sequences used in the polymerase chain reaction (PCR) and quantitative real-time PCR analyses

Gene name  Accession no.

Forward primer

Reverse primer

BoGAPDH EF123055 5 GTCATCTCTGCACCAAGCAAAG3’
BoCaml AJ427337 5" AAGGATGGTGACGGTTGCA 3

BoCam?2 AJ427338 5 GGGCAAAACCCGACAGAA 3’

BoPLDI AF090445 5 GAGCTTCTCTCTAATCACGGATCAG3’
BoPLD2 AF090444 5 TTGAGGCGGATCGAAACTG 3’

BoACS2 AB086353 5 TGCTTCCCACGCCGTACT 3’

5 CTCATGCTCATTGACACCAACA 3’
5" AGAGACCTCATCACGGTTCCA 3
5 CCGTCAGCGTCAACTTCGTT 3

5 CGGTGGTCAGAGGGAGGAA 3’

5 AGGCACTCCAGGGAACTTAGC 3’
5 AACCCCAGTTCGCCATTTTA

—80T after liquid nitrogen freezing. The experiment

was replicated four times using four distinct
cabbage heads.
2. Gene expression analysis

Total RNA from each sample was extracted and
purified using an RNeasy Plus Mini Kit (Qiagen,
Hilden, Germany). Briefly, frozen sample was ground
under liquid nitrogen with a pre-chilled mortar and
pestle. Ground sample was lysed and homogenized
in a highly denaturing guanidine -isothiocyanate -
Then, the

through a gDNA eliminator spin column (Qiagen) to

containing buffer. lysate was passed
remove genomic DNA. Ethanol was added to the

flow - through to provide appropriate binding
conditions for RNA. The sample was then applied
to an RNeasy spin column (Qiagen), where total
RNA binds to the membrane and contaminants
were washed away with wash buffer. High-quality
RNA was then eluted in RNase-free water. After
RNA

analysis,

quantifying the concentration using

spectrophotometric complementary DNA
(cDNA) was synthesized from total RNA using a
PrimeScript™ II first ¢cDNA strand synthesis kit
(Takara Biotech, Shiga, Japan). The cDNA served
as a template for polymerase chain reaction (PCR)

and quantitative real-time PCR (gRT-PCR). Sets of
primers for target genes, BoCaml, BoCam2, BoPLD]I,
BoPLD?2, and BoACS2 were designed using Primer
Express software (Applied Biosystems, Foster City,
CA, USA) (Table 1). The gRT-PCR analyses were
performed using Power SYBR Green PCR master
mix and a 7300 real-time PCR system (Applied
Biosystems) according to the manufacturer’s
instructions. The thermal cycling conditions were
95C for 10 min, and 40 cycles of 95C for 10 s and
60C for 1 min, followed by a dissociation step. The
levels of target gene expression were normalized to
the input DNA

BoGAPDH gene™.

levels of an internal standard

3. Data analysis

An analysis of variance for a randomized design,
with time periods after the wounding treatment as
factors, was performed using SPSS (SPSS, Chicago,
IL). Tukey’s multiple-range test was used to test
for a significant difference at a 95% confidence level
for each variable.

Results and Discussion

Fruits and vegetables experience mechanical

stress when incurring physical forces during

postharvest handling. The physiological changes and
of fresh produce

the deterioration in quality

subjected to postharvest mechanical stress have
studied”**. The

that govern the

been extensively molecular

mechanisms mechanical stress
response in fresh produce, however, remain elusive.
To our knowledge, our results show the first
demonstration of early response event of gene
expression following mechanical wound stress in
cabbage.

The expression of CaM-encoding genes, BoCaml
and BoCam2, BoPLDI and
BoPLD2, and ACS-encoding gene, BoACS2, were
detected in wounded cabbage leaf disks. The relative
BoCam 2, BoPLDI,

BoPLD2, and BoACS2 normalized against an internal

PLD -encoding genes,

expression levels of BoCam I,
standard are shown in Fig. 1, 2 and 3. BoCaml
gene expression levels are transient in wounded
cabbage. The expression of BoCaml decreased at 5
min but increased at 15 min after the cabbage was
wounded. At 30 and 60 min, BoCaml exhibited 4.6-
and 6.4-fold increases in expression, respectively.
After 120 min, however, the level of BoCam I
expression decreased to a 2 -fold level above
baseline (Fig. 1A). Although BoCam?2 levels exhibited
a significant change (1.6 fold) in expression at 60 min,
the expression did not significantly increase after
120 min after wounding (Fig. 1B, P <0.05). These
results indicate that BoCaml and BoCam2 respond
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Fig.1 Expression levels of BoCaml (A) Fig. 2 Expression levels of BoPLDI (A)

and BoCam2 (B) normalized against
BoGAPDH in wounded cabbage based on
quantitative real-time PCR analysis

to the wound stress in cabbage, as their expression
levels were correlated with the time after stress
induction. The large increase in BoCaml expression
after stress suggests that BoCaml is a sensitive
cabbage. The
expression of CaM-encoding genes in this study

wound - responsive gene in rapid
indicates that the wound stress may enhance CaM

production in cells, whereas stress - induced
modulation of gene expression often reflects the
function of the corresponding gene product in
signaling. Moreover, CaM may mediate a rise in
cytosolic Ca’* in response to the wounding stimulus.
According to its rapid and transient expression of
BoCaml, CaM gene expression may be associated
with the signaling cascade that further induces the
actions of calmodulin and calmodulin-related target
defensive  metabolism, and

proteins, enzyme

,2),8

activity”?'¥. These cascades may also consequently

influence the changes in postharvest quality of
cabbage. In addition, the differential expression of
BoCaml and BoCam?2 in response to the wound
their different CaM

. Considering the importance of Ca**

stress may be due to

isoformst;),7>,9),35),36)
-binding CaM in signal transduction pathway and
stress response, modulation of CaM gene expression

suggests that different sets of CaM isoforms in a

and BoPLD2 (B) normalized against
BoGAPDH in wounded cabbage based
on quantitative real-time PCR analysis

single plant species are probably established for
different signal transduction cascades. Subsequently,
different
metabolism and physiological changes in response to

isoforms could be involved in specific
stress.

In response to stress in plant cells, PLD may
break down membrane lipids and thus degrade the
membrane. Elevated expression of PLD -encoding
genes along with increased PLD activity would
result in a loss of cell membrane integrity and a
viability ™ . After the

treatment, we observed a slight oscillation in the

loss of cell wounding
expression of PLD-encoding genes in all cabbage
BoPLDI
expression was detected at 120 min after treatment
(1.5 fold) (Fig. 2A, P <0.05). The decreased
expression level of BoPLD2 was detected at 5 min

samples. A significant increase in

after treatment, and it seemed to increase from 15
min with the highest level at 120 min (Fig. 2B).
However, the expression of BoPLD2 also remained
low during the investigation. In this study, BoPLDI
and BoPLD2 do not appear immediately to respond
to wound stress. In contrast, it is possible that the
expression of BoPLDI and BoPLD2 may be induced
after 120 min post-wound stress.

Ethylene synthesis and ACS-encoding gene have
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g and the evaluation of the expression characteristics
% 75 of BoCaml during storage and distribution practices
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Lﬁ biochemical and molecular mechanisms underlying
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been reported to be induced by wound stress® .

Induction of ethylene synthesis and expression of
ACS by
senescence

enhance
of fresh
produce. Nevertheless, previous studies demonstrated

wound stress might also

and quality deterioration

that the occurrence of high production of ethylene
results in negative feedback on the system-1
developmental pathway, and it consequently reduces
the Le-ACSIA and Le-ACS6 expression in tomato™: .
From our results, the expression level of BoACS2 in
wounded cabbage leaf disks decreased at 15 min to
30 min and then its level rose again to 1.6-fold at
120 min after treatment (Fig. 3). However, the
of BoACS2 was

during the investigation. Similar to those of PLD-

expression level relatively low
encoding genes, BoACS2 in cabbage seems not to be
immediately induced by the wounding treatment
and the expression of BoACS2 may be increased
after 120 min of treatment. In addition, although the
production of ethylene was not monitored in this
the decreased level of BoACS2 expression
the

feedback regulation of ethylene pathway.

study,

might possibly be regulated by negative

Conclusion

Applying a mechanical wounding stimulus clearly
affected the expression of calmodulin-encoding genes
in cabbage. The predominant increases in BoCam I
expression levels were observed at 30 and 60 min
indicate that the
expression of BoCaml is highly induced in response

after treatment. These results
to wound stress and BoCaml may serve as a rapid

with  the
response  of
Further study of

wound-responsive  gene,  associating

signaling cascade and cellular

mechanical stress in cabbage.

and Fisheries” No. 22014 (funded by MAFF) for
financial support.
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Quality of Sausages Containing ‘Okara’
Soybean Curd Residue
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Okara is a byproduct of soy milk production. In order to utilize okara and to develop meat

products containing dietary fiber, we prepared sausages containing 5, 10, 15, and 20% of okara by
substituting cured lean meat with okara (water content, 76%) and compared their quality. Moisture and
dietary fiber content, pH, and L* and b* values were increased, while content of protein and lipid and
a* value were decreased, in line with an increase in the okara content of the sausage. Addition of 5%
okara to sausage sufficiently improved the yield. However, the addition of excessive okara disturbed
the gel network structure of the meat protein, and the texture (hardness, springiness, cohesiveness,
and chewiness) was significantly impaired in sausages containing >15% okara. Sensory evaluation of

sausages containing 5% or 10% okara was comparable with that of sausages without okara. Our

findings show that the addition of okara can supplement sausages with dietary fiber and improve
their water holding capacity and that an okara content of 10% is appropriate for making good quality

sausages.

(Received Dec. 7, 2011 ; Accepted Feb. 16, 2012)

Key words : sausage, okara, dietary fiber, texture, sensory evaluation
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Soybean curd residue, okara (also known as soy
pulp), is a byproduct of soy milk production and is
high in dietary fiber. It is known to have beneficial
physiological functions in areas such as suppressing
hypertension”, increasing plasma lipids® and obesity*?,
and exerting prebiotic? and antihyperglycemic effects”.
The volume of okara generated is 10% larger than
the volume of the raw material, soybeans”. However,
because of its high water content and perishable
feature, only a small proportion of okara is used for
the production of livestock feed”” and cookies”,
while the majority is discarded as waste. This is
consequently a burden on the environment®™.
Manufacturing of Tofu in Japan, also a soymilk
product, is strong and generates a considerable
amount of okara, and the common disposal of okara
by incineration” is costly.

Meanwhile, the adaptation of the western lifestyle
in Japan has led to an increase in meat
consumption and a decrease in grain and vegetable
consumption” . Because meat does not contain
dietary fiber, the dietary fiber intake in Japan has

declined to approximately 15g/day/person'”’, which

falls far short of the recommended dietary fiber
intake specified by the World Health Organization
(25g/day/person)'”. Thus, possib le health problems
owing to low dietary fiber intake are of concern.

In this study, we aimed to find a new utilization
for okara and to develop a novel processed meat
product containing dietary fiber. Thus, we prepared
sausages containing various amounts of okara and
their thereby
appropriate amount of okara as an additive.

evaluated qualities, revealing the

Materials and Methods

1. Materials
Okara,
filtering and stored frozen was obtained from a

recovered immediately after soymilk
Tofu manufacture in Toyama, Japan. Frozen okara
was thawed before use. Lean pork meat (biceps
femoris muscle) and back fat were obtained from
CENTRAL FOODS Co., Ltd (Tokyo, Japan).
2. Dry curing

Lean pork meat was chopped into 5cm cubes.
Salt, sugar, potassium nitrate, sodium nitrite, sodium

ascorbate, and sodium tripolyphosphate were added

§ Corresponding author, E-mail : k3tada@nodai.ac.jp
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Table 1 Recipe for dry curing (%)

Ingredient Quantity
Lean pork 100. 00
Salt 2.50
Sugar 0.50
Potassium nitrate 0.02
Sodium nitrite 0.01
Sodium ascorbate 0.10
Sodium tripolyphosphate 0.20

according to a recipe (Table 1) and blended with the
(MS-20 ;
Kanagawa,

meat cubes using a meat mixer
TAKEUCHI Food Machinery Ltd.,
Japan) for 10 min. The mixture was stored for three
days at 5C to produce cured meat.
3. Preparation of sausage meat

Cured meat and pork back fat were minced with
a meat chopper using a grinder plate with holes of
5 mm diameter (OMC-22B, OHMICHI Co., Ltd.,
Gunma, Japan) and mixed with okara, iced water,
and spices according to five formulations (Table 2).
The minced - meat mixture was further finely
chopped with a silent cutter (OMF-780, OHMICHI
Co., Ltd.) and mixed well to produce sausage patties.
The weight percent of back fat to the total sum of
back fat,
(15%) across the five preparations. Lean meat was

cured meat, and okara was uniform

partially substituted with okara to produce a
sausage meat with an okara weight percent of 5, 10,
15, and 20%,

samples, namely, the 5,

in turn, four sausage meat
10, 15, and 20%
sausage samples, respectively. Sausage meat without

and
okara
okara served as a control. Substitution of cured

meat with okara resulted in a decrease in salt

content in sausage meat. Thus, salt was added to
the okara-containing sausage formulations to adjust
the salt content to 2.0% in the final sausage meat.
4. Filling of sausage casings and cooking

The sausage meat was uniformly filled into vinyl
casings (diameter, 25mm) and incubated in a water
bath at 75C for 30min. Cooked sausages were
immediately cooled under running water and then
refrigerated at 5C for 12h.
5. Composition analysis

The amount of moisture, protein, fat, dietary fiber,
and ash was measured as follows : moisture ; the
heat drying method under normal pressure? ,
protein; the Kjeldahl method", fat; the chloroform-
methanol extraction method (for okara)™, or the
Soxhlet extraction method (for sausages)'. d ietary
fiber ; the modified Prosky method"”, and ash; the
direct ashing method".
6. pH measurement

Okara and sausages were each suspended in
distilled water of nine times their weight, and the
to pH
HORIBA

resultant suspensions were subjected
measurement using a pH meter (F-52;
Ltd., Kyoto, Japan).
7. Color measurement

L*a*b* color space values of okara samples and
cross-sections of sausages were measured with a
spectrophotometer ( CM -3500d ;

Sensing Inc., Osaka, Japan).

Konica Minolta

8. Measurement of water holding capacity
The of
measured according to the method recommended by

water - holding capacity okara was
the Japanese Agricultural Standards?. Briefly, 6 g
of thawed okara was immersed in 20 g of water in

a 50m¢ plastic centrifuge tube, allowed to absorb

Table 2 Formulations for sausages with and without added Okara

Rate of okara (%)

Ingredient
0 (Control) 5 10 15 20
Cured meat 85.0 80.0 75.0 70.0 65.0
Pork back-fat 15.0 15.0 15.0 15.0 15.0
Okara - 5.0 10.0 15.0 20.0
Water (ice) 25.0 25.0 25.0 25.0 25.0
Onion 1.5 1.5 1.5 1.5 1.5
MSG' 0.1 0.1 0.1 0.1 0.1
White pepper 0.2 0.2 0.2 0.2 0.2
Black pepper 0.1 0.1 0.1 0.1 0.1
Mace 0.1 0.1 0.1 0.1 0.1
Salt 0.50 0.65 0.75 0.90 1.00

' Monosodium glutamate
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water for 20 min at room temperature, and then
centrifuged at 1,000X g for 5 min. After removal
of the supernatant, the pellet was weighted. The
water holding capacity was obtained by dividing the
weight of the pellet by the dry weight of the okara
sample.
9. Observation of sausage cross sections

Cross sections of sausages were observed under a
microscope (Tabletop Microscope TM-1000; Hitachi
High - Technologies CO., Tokyo,
examining images taken by a digital camera (Digital
Camera GR DIGITAL III; Ricoh Co., Ltd.,, Tokyo,
Japan).
10. Yield measurement

Japan) and by

their
returned to room temperature and centrifuged at

Refrigerated sausages in casings were
1,000 X g for 5min. The casings were remov ed after
centrifugation. T he skinless sausages were placed
on a sieve with a mesh size of 5mm to remove
separated fluid. The yield was obtained by dividing
the weight of the sausage after removal of fluid by
the weight of the sausage before removal of fluid.
The weight of the casing was then subtracted from
the sausage weight.
11. Texture measurement

Sausages were returned to room temperature and
cut into 25 mm -thick slices for texture profile
analysis (TPA) using an Instron Universal Testing
Machine (Model 5543 ; Instron Japan Co., Ltd.,
Japan ). Briefly, the

samples were compressed twice with disk plungers

Kanagawa, sliced sausage
(diameter, 75mm) at the compression speed of 50
mm/min, to reduce the height of the sausage
sample by 50%. Resulting pressed samples were
subjected to measurement of hardness, springiness,
cohesiveness, and chewiness.
12. Sensory evaluation

Appearance, flavor, texture, juiciness, taste, and
overall impression of sausages cooked at 70C for 20
min were judged by 23 volunteers (11 men and 12
women; age range, 15-55 years) using a seven-point
2, bad; 3, fairly bad:; 4,

average; b5, fairly good; 6, good; 7, very good).

scale (1, very bad;

Results and Discussion

1. Composition, pH, color, and water holding
capacity of okara

Table 3 shows the composition, pH, color and

water holding capacity of okara. Okara contained a

large amount of moisture (approx. 76%), and was

Table 3 Chemical and physical properties of okara

Moisture (%) 76.01+0. 69
Protein (%) 6.77=0.32 (28.20+0.69)*
Fat (%) 2.25+0.22 (9.35%0.63)"
Ash (%) 0.93+0.13 (3.87+0.44)"
Insoluble fiber (%) 8.01%0.44 (33.37%0.99)!
Soluble fiber (%) 2.03=0.07 (8.47+0.12)"
pH 6.72=0.01
Colors L* 84.32%0.20

a* 1.25+0.03

b* 18.87+0.06
WHC? 11.83+0.55

Values are expressed as mean * standard deviation (n=6)
': Dry Matter
*: Water holding capacity

7%) and dietary fiber
(approx. 10%). On the dry weight basis, the mean

high in protein (approx.

content of protein, fat, ash, and dietary fiber was
approximately 28, 9, 4, and 42%, respectively, which
is comparable to that of 19~38, 8~23, 3~5, and
32 ~ 58% ,
studies””?"”*"#  This suggests that the okara used

respectively, reported in previous
in the present study has standard properties.

The okara suspension was close to neutral (pH 6.
72). The color of okara was a pale yellowish-white
with L*, a*, and b* values of 84.32, 1.25, and 18.87,
respectively.

The water holding capacity was 11.83, indicating
that the okara was able to absorb approximately 10
times its dry weight in water. This high water
holding

reported results

consistent with previously

21),22), 24) ~26)
’

capacity is
probably owing to the
high content of dietary fiber in okara®.

2. Compositions of sausage samples

Compositions of sausage samples are shown in
Table 4 . fiber
increased and protein and fat decreased as the

Moisture content and dietary
amount of okara was increased. The 10, 15, and
20% okara sausage samples contained significantly
more moisture and significantly less fat than the
control sample (p<0.05). Okara content-dependent
differences in the content of protein and dietary
fiber were significant between any two samples (p
<0.05). On the other hand, there was no significant
difference in the ash content among samples. The
content of moisture, protein, fat, and ash in the lean
pork meat was 71.8, 21.8, 5.1, and 1.0%, respectively,
indicating that the lean pork meat contained less
moisture and more protein and fat than okara. The
differences in the composition of sausage samples
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Table 4 Composition of sausages formulated with okara

Rate of okara (%)

0 (Control) 5 10 15 20
Moisture (%) 68.03%£0.93" 68.75%0.94®  69.09+0.62°  69.39%0.60°  69.41+0.72"
Protein (%) 14.99+0.43"  14.20+0.43"  13.59+0.27° 13.00£0.26°  12.53+0.30°
Fat (%) 12.92+0.37°  12.62+0.38"  12.47+0.25° 12.34%0.24> 12.32+0.29°
Ash (%) 2.82+0.08"  2.80+0.08" 2.77+0. 06" 2.78=0. 05° 2.78%0.07°
Insoluble fiber (%) - 0.33+0.01° 0.64+0.01° 0.96+0.02 1.28+0.03°
Soluble fiber (%) - 0.09 0. 00° 0.16+0. 00° 0.24%0.00° 0.32+0.01°

All values are expressed as mean =* standard deviation (n=6)
Values with different superscripts within a row are significantly different (p<0.05)

can likely be attributed to the different substitution
rates of lean meat with okara.
3. Morphology of sausage samples

The external appearance of sausage sample cross
sections is shown in Fig. 1, and the microstructures
in sausage samples are shown in Fig. 2. The control
and the 5% and 10% okara sausage samples were
almost externally identical and showed a smooth
cross section and a clear outline. On the other hand,
the sausage outline was slightly disturbed in the
15% okara sausage sample and badly disturbed in
the 20% okara sausage sample. The surface of the
cross section was visibly rough and uneven, and
many okara granules were scattered across the
surface in the 20% sample. Microstructure analysis

revealed smooth gel formation by meat protein in
the control sample, while a unique bee nest-like
structure of okara fiber” was present in the okara-
containing samples. The bee nest-like structures
were scattered, which disturbed the smooth gel
structure of the meat protein. In particular, the bee
nest-like structures became prominent enough to
present a coarse appearance with large voids in the
20% okara sausage sample.
4. pH, color, and yield of sausage samples

Table 5 shows pH, color parameters, and yield of
sausage samples. The pH of the control samples
was 6.36 and increased as the amount of added
okara increased, reaching a pH of 6.48 in the 20%
okara sausage sample. The pH of the control and

Fig.1 Sectional images of sausages formulated with okara

A: Control; B: 5% Okara; C:10% Okara;
D :15% Okara; E :20% Okara
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Fig.2 Tissue morphology of sausages formulated with okara

A: Control; B:10% Okara; C:20% Okara
Black bar indicate 1 mm

Table 5 pH, color parameters, and yield rate of sausages formulated with okara

Rate of okara (%)

0 (Control) 5 10 15 20
pH 6.36+0.00° 6.37 +0.02¢ 6.41+0.01° 6.43+0.02° 6.48+0.01°
Color L~ 69.39%£0.24°  69.95+0.33  70.29+0.51°  70.68+0.22°  71.41%0.52°
a* 8.53+0.26° 7.64%0.50° 6.99=0. 26° 6.87%0. 33 5.99 %0. 30°
b* 8.87+0.29° 9.18%0. 24° 9.56%0.23"  10.03+0.39°  10.76=0. 29"
Yield rate (%) 96.85+0.75"  98.37%0.29"  98.62+0.39"  98.73%0.33"  98.77%0.49"

All values are expressed as mean =* standard deviation (n=6)
Values with different superscripts within a row are significantly different (p<0.05)

that of the 5% okara sausage sample were not
significantly different, but both of the pH values
were significantly different from the pH of the 10,
15, and 20% okara samples (p<0.05). The pH of the
15% okara sausage sample was significantly higher
than that of the 10% okara sausage sample, while
significantly lower than the pH of the 20% okara
sausage sample (p<0.05). The cured meat contained
ascorbic acid and thus its pH was lower in the
control sample (6.36) than in okara (6.72). It was
considered that the addition of okara skewed the
pH to a higher value.

L* and b* increased while a* decreased as the
okara content increased in the sausage sample,
because the yellowish white area containing okara
increased while the red area containing lean meat
decreased. However, the color of the sausage sample
was not a pure subtractive mixture of the colors of
lean pork meat and okara. The color of the areas
other than the scattered okara-rich areas in the
okara-containing sausage samples was similar to that
of the control sample. Scattered okara-rich areas
in the 5 and 10%
sausage samples. Thus, these two okara-containing

were not noticeable okara

samples were not distinguishable in color from the

control sample by the naked eye, despite their
different

compared with the control results (p<0.05). On the

significantly spectrophotometry  results
other hand, okara-rich areas were prominent in the
15 and 20%

samples

okara sausage samples, and these

were clearly distinguishable from the
control sample with the naked eye.

The yield of the control sample was 96.85%,
indicating a small loss of drip. The drip loss was
almost absent in the 5% okara sausage sample,
and its yield was significantly higher (98.37%) than
the yield of the control sample (p<0.05). The yield
was further slightly improved as the okara content
increased, but the differences in the yields among
the four okara-containing sausage samples were not
significant. These results suggested that an okara
content of 5% is sufficient to increase yield. As
shown in Table 3, okara has a high water holding
capacity, suggesting that a drip was adsorbed by
the okara fiber structure, resulting in prevention of
drip loss, an in turn, in high yields of the sausages
supplemented with okara.

Okara content-dependent changes in pH, color,
and yield of the sausage samples were similar to
those of beef patty samples supplemented with
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22),24)

okara shown by SADETTIN et al
5. Texture of sausage samples

Table 6
containing okara. Hardness and chewiness values

shows texture changes in sausages
were not significantly different between the control
and the 5% okara sausage sample but were
significantly reduced (p<0.05) in the 10%, 15%, and
20% okara sausage samples in an okara content-
dependent manner. Only the 20% okara sausage
sample showed significantly lower springiness than
the control sample (p <0.05). The cohesiveness
values of the control and the 5% and 10% okara
sausage samples were not significantly different. On
the other hand, the cohesiveness of the 15% okara
sausage sample was significantly lower than that of
the sausage samples containing less okara (p <
0.05) but significantly higher than that of the 20%
okara sausage samples (p<0.05). TPA measurements
tended to decrease with a decrease in meat content,
suggesting that the gel network structure of the
meat protein® was quantitatively decreased and
also more severely disturbed by the okara fiber
structure as the okara content increased. Such
structural changes were most prominent, and all

TPA measures were markedly reduced in the 20%

impairment.
6. Sensory evaluation

The results of sensory evaluation are shown in
Table 7. Scores on the 7-point sensory scale were
not significantly different among the control and the
5% and 10% okara sausage samples, and all three
samples showed a mean scores of =5 for all
sensory parameters. On the other hand, when the
okara content exceeded 15%, texture, taste, and
overall impression scores were significantly reduced
as the okara content increased (p<0.05). The mean
overall impression scores of the 15 and 20% okara
sausage samples were 3.39 and 2.09, respectively,
both of which were markedly lower than 4, the
“average” score. Texture scores on the sensory
scale appeared to correlate with TPA results.
Overall impression scores were similar to texture
scores, suggesting that texture is the main factor
influencing the overall sensory characteristic of the
okara-containing sausages prepared in this study.
The mean flavor and juiciness scores of all sausage
samples were >5 and not significantly different,
suggesting that good flavor and juiciness were
retained in okara-containing sausage samples. The

okara used in this study was almost unscented and

okara  sausage sample, indicating  structural thus did not appear to interfere with the
Table 6 Texture profile analysis of sausages formulated with okara
Rate of okara (%)
0 (Control) 5 10 15 20
Hardness (N) 27.32% 0.93" 26.40+ 1.64°  23.36= 2.06" 20.88+ 1.88° 10.93%0.83¢
Springiness (mm) 9.54= 0.21* 9.54= 0.17* 9.44= 0.19° 9.36x 0.14° 8.56+0.11"
Cohesiveness 0.80=x 0.03" 0.79x= 0.02° 0.79%= 0.03" 0.71%= 0.01° 0.50=x0.02°
Chewiness (N) 208.16+20.05* 198.80%=17.13" 173.45+19.86" 138.69=*12. 36° 47.06 = 3. 94¢
All values are expressed as mean * standard deviation (n=6)
Values with different superscripts within a row are significantly different (p<0.05)
Table 7 Sensory evaluation of sausages formulated with okara
Rate of okara (%)
0 (Control) 5 10 15 20

Appearance 5.30+1.52¢ 5.52=*1.44* 5.35=*1.56° 3.96+1.55" 3.04+1.52°

Flavor 5.22+1.41* 5.26+1. 39 5.35%1. 34 5.30%1. 36 5.30+1. 33"

Texture 5.39+1.23" 5.48+1.44" 5.22x1.44* 3.26+1.10° 2.09x1.04°

Juiciness 5.57=1.20° 5.61x1.27° 5.61%1.23" 5.43*1. 34" 5.39%1.27°

Taste 5.30£1.15" 5.52*1.16% 5.35*1.40° 3.83+1.37" 2.70 118°

Overall 5.35x1.07° 5.43*+1.12° 5.22*1. 38" 3.39+1.16° 2.09£0.85°

All values are expressed as mean = standard deviation (n=23)
Values with different superscripts within a row are significantly different (p<0.05)
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characteristic flavor of the sausage. In addition, it
was considered that the drip absorbed in the okara
structure in sausage samples was sufficiently
released upon mastication.

Taken together, this study demonstrated that the
addition of okara to sausage meat suppresses drip
loss and improves yield. However, excessive okara
in sausage meat, or insufficiency of lean pork meat,
weakens the gel network structure of the meat
protein and consequently impairs sausage texture.
Sensory evaluation results showed that the 10%
okara sausage sample, but not the 15%and 20%
okara sausage samples, was acceptable, indicating
that the addition of okara (<10%) to the final
protein/fat mixture is appropriate. The dietary fiber
content in the 10% okara sausage sample was 0.8%,
which means that one sausage (approx. 20 g) made
according to the same recipe provides a little less
than 0.2g of dietary fiber. The increase in dietary
fiber

supplemented sausage is low; however, our findings

intake by consumption of this okara -
suggest that processed meat products supplemented
with okara can serve as a source of dietary fiber.
In addition,

amount of moisture contained in okara can possibly

this study suggests that the large
be utilized by using frozen okara as a partial
alternative to iced water to reduce the frictional h
eat generated during the mincing, mixing, and
blending stages of the sausage making process.
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The Effect of Microbubble (MB)-treatment Conditions
on MB Characteristics and Ozone Dissolution Rate
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Kawasakr Tomomi*?, Ownara Hiroki*?, Matsumoro Hitoshi*?,
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* 3 Meiji Co., Ltd., 1-2—10 Shinsuna., Koto-ku, Tokyo 136—8908

The effect of microbubble (MB)-generation and treatment conditions on the characteristics of MB
and MB containing water was evaluated. For MB generation, a MB generator based on the
pressurizing dissolution method (operated at 0~0.5MPa) was used, and the high discharge pressure
likely resulted in small bubbles and highly turbid (which indicates the MB density) MB containing
water. The most effective discharge pressure for the preparation of ozonized water was 0.2 MPa.
However, this pressure was different from the optimal pressure for MB generation. The MB treatment
(mechanical agitation) increased the ozone dissolution rate. Moreover, the ozone dissolution rate and
equilibrium concentration of dissolved ozone varied with the addition of particular substances. For
example, when NaCl or a surfactant (L-150A) were added, the ozone dissolution rate and equilibrium
concentration of dissolved ozone were higher and lower, respectively, than the rate and concentration
of control condition (RO water). Moreover, the addition of citric acid resulted in an ozone dissolution
rate and equilibrium concentration of dissolved ozone that were similar to and higher than,
respectively, the rate and concentration of control. Finally, considering the results for the discharge
pressure and ozone dissolution rate, it can be concluded that the MB-generation method and MB-
treatment conditions should be selected in strict accordance with the intended use of MBs.

(Reeceived Aug.3, 2011 ; Accepted Feb.20, 2012)

Key words : Micro bubble, Mechanical agitation, pressurizing dissolution, dissolved ozone concentration
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Fig.1 Schematic of the microbubble-generator system

(based on pressurizing dissolution method) used in this
study

Table1 Equipment used for MB treatment or ozonization in this study
Method Vol MB O dissoluti
o e '0 Manufacturer Model olume zone dissolution
(title in this paper) M treatment test
Pressurizing
Microbubble generator :
dissolution method Nikuni Co., Ltd. 40 O @)
ey b MBG20NDO07ZE 1 CG005
O =)
Mechanical
. e.c amica Microtech Nition Co., Homogenizer: Hiscotron . . O, .
agitation method Lid Shaft: NS20CG 1 O (in conjunction with
(BEME 3R ' ' air diffusion method)
Air diffusi
IZnelthzfilon Koshin Rikagaku Ceramic filter : 1 _ o

(B Seisakusho Co. Ltd,

Type-B, $20x15
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Table 2 Effect of discharge pressure and dissolved substances (NaCl, citric acid, and L-150
A on the average bubble diameter and turbidity after 5 min of MB treatment

(pressurizing dissolution method) at 25 C

Discharge
Dissolved substance pressure  Average diameter (um) Turbidity (NTU*)
(MPa)
0 74.2%9.5 96.7%= 11.5
0.1 58.6x3.0 861.7+ 40.1
RO water 0.2 64.3*+1.6 1,313.3%= 20.8
0.3 60.0*2.3 1,488.3+ 54.8
0.4 45.8+2.6 1,965.0+173.0
0.5 53.6x1.4 2,711.7+191.1
NaCl (0.85%) 55.8+3.6 785.3% 24.2
Citric acid (pH : 3) 0.4 60.8+2.8 600.4+ 41.5
L-150A (0.01%) 0.4+0.1** >3, 000

*Nephelometric Turbidity Units. Indicator for MB concentration in this study.
**This value is considered an error caused by light scattering due to high turbidity.

Each value is mean+SD. (N=3).
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Fig.2 Effect of dissolved substances (NaCl, citric acid,
and L-150A) on dissolved ozone concentration during
MB treatment (mechanical agitation) using ozone gas

Each solution (1¢) is ozonized at 25C with 5% ozone gas
(0.4 ¢ -min~') by bubbling or bubbling accompanied by
mechanical agitation (10, 000rpm).
Each value is mean*SD. (N=3).
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Each solution (40L) is ozonized for 60 min at 25C with
5% ozone gas (0.4L-min"') by using MB equipment.
Each value is mean=SD. (N=3).
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Fig. 4 Changes in dissolved ozone concentration for
different solutions at 25C after ozonation with 5%
ozone gas (0.4 ¢-min™!)

The values are average of measured value (N=3).
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5% ozone gas (0.4 ¢ -min~') by using MB equipment.
Each value is mean*SD. (N=3).



298 H AR £ PR a5k

VOL.38 NO.5 2012

(36)

1,000

—e- Discharge pressure: 0.4 MPa
—o— Discharge pressure: 0 MPa

800
600

400 '

Turbidity (NTU)

O—0=—0
0 5 10 15 20 25 30
Time (min)

—e—Discharge pressure 0.4 MPa
10 —0—Discharge pressure 0 MPa

o Do >~ (e} o
T

0 5 10 15 20 25 30
Time (min)

Dissolved oxygen concentration
(mg - ¢7Y)

Fig. 6 Effect of discharge pressure on dissolved
oxygen concentration at 25C during MB treatment
(pressurizing dissolution method) when no gas was
supplied during measurements

The values are average of measured value (N=3).
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