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Effect of Temperature and Pressure Intensity on the Formation Mechanism
and Microstructure of Pressure-induced Hen Egg Yolk Gel

KOIZUMI Ryosuke, IRISAWA Tomohiro, TADA Kotaro and SUZUKI Toshiro
* Department of Agriculture, Tokyo University of Agriculture, 1737 Funako, Atsugi-shi, Kanagawa 243-0034

The purpose of this study was to examine the mechanism of pressure-induced gel (PG) formation of
hen egg yolk. Egg yolk forms gels by high-pressure processing (over 450MPa) at temperatures above
15C. PG (20T, 650MPa) showed the highest “Gel Strength” and “Work Done values”. Furthermore,
these parameters increased with increasing protein concentration. N-ethylmaleimide was used to inhibit
formation of PG and heat-induced gels (HG). Result of non-reducing SDS-PAGE showed that apo-LDL
from plasma and granule fractions and apo-HDL from granule fraction were the main proteins that
form PG and HG. In addition, disulfide bonds play an important role in gel formation; however, there
were no significant differences between PG and HG in disulfide bond formation. The structure of PG
and HG consisted of a network of fine strands and the surface structure was different between PG
and HG as observed by scanning electron microscopy. PG showed a thick and smooth surface,
whereas HG showed a thin and rough surface. These results suggested that PG formation of hen egg
yolk occurred via disulfide bond formation. Therefore, the physicochemical characteristics of PG were
much different from those of HG.

(Received Aug. 26, 2015 ; Accepted Dec. 22, 2015)
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HE b L UOEBRFE

1. AEORER

(1) SEEBORAR  WHTBIEEIINL, JEEE
JHEEBIC e L 7ok, AR W TIREBIC O W2 E
BIUOHIHRRRE L7z, WHEEZ X X THlY, HED
AEENL, BELZLOZREE Lz, HED S V%
7EBEII U BV = VEYEHWTHIEL,
7 VX7 EREEE D100, 1258 X UM150mg/gll % b L 912
MK % TR L 72

(2) MERES LOMBMNIE PRI TITATF v 7
w4 (N4, 5331m) ICEJEAA DL 2w X ) T,
TE L%, ANHSFELEEE (Dr. CHEF, 5
$FT) ZH, MELAREZITS72. $hbH, IELAH
BolE2 0, 5, 10, 158 X U020CISEREL, FEHR
J& 1350MPall] B T200~650MPa% Tk & L 72 1%, Hi ik
(21555 B OB % 47 - 7230k 2 3BRIX. (e 7 V)
ElL7ze o, R TIAF v 7 BB T E80CHHEI
TR T 3055 BN BRI BE % 4T 5 72" 508 & e HRIX (On#k
V) & LTze MEALELE X OSnBL I £ o 3R FEk
HTISHHEHIL, SHICREHE (4T) T8 REHEHE
L7212 & BRIk L 7z,

2. FILBESLVT -4 EOAE

REHI T T AF v VBB ANT F F R 2 =R
(#925C) WCRLZ=%, WM (5543%!, Instron)
EHOTTIVERE (GS) BXUOU—2 %51 (WD) ®
HWEZITo70 Tbb, +50NOT— FEVEMHEHL,
EA6.5mnD 7T ¥ T % — %& H W T 3 EE50mm/min,
TEAKS0% DEMTHIE L7z 5B, GSE WD IX
f#HFrY 7 b (Bluehill2, Instron) #HWTii-o72,

3. BEMESIVOFRKE GRS

(1) MELEEFOREDCFE  MELARORED
WERZRRD 72202, 7087 Bk % 150mg/ gl i #%
L7 A2 VT, MEARRORESZ 0, 5, 10, 15
BLU20CITEE L, EIHEE00MPall CTHlEMLE %
T, BN VoCSB L UWDZERIZEL 2,

(2) EHREEICNVEREDEZE NEXr VO
BRI SM 2 TRB 72012, 7 237 HiERE %100,
1258 & U'150mg/ gl i3 L 7290 ¥ % Fl v C, 20C T200
~650MPa (50MPaffd) 58 CTIERLBEE % 17\,
BoNTrVOGCSE L OWDEIZE L 72,

4. N-ethylmaleimideZsiI D&

7 N B IRIE % 125mg/ g ISR L 72 9RE ISR L, R
V7 e FYIVEE (SHEE) fREH Td % N-ethylmaleimide
(NEM) # 2~103 X 0°20mM (10mMZ T 2 mMFH b
T wmL, #BRAe%R, —BieE CEHE L, 20
T T650MPad LML Z 4T\, 155 N727 IV DOGSH &
UWDZBIE L7z T2, X & L CHERICINEMZ
WL 72mEr v & 8L 7=,

5. BEMESTIVOBRZ > /N7 EOHRE

HEX VOBEIZE S5 5 287 BB %17 72
DI, TIABIOTIToa—VEREEL, EiT
(ME+) BXUIE&IC (ME—) RETSDS- KV 727V
V7 I REBLIKE (SDS-PAGE) 12X 5500 %47 - 726
Thabb, FREC0, 5, 10, 1538 & U20TC T600MPa
DNEALIE F 721380C OMBMLEL 21T > 7212, 2% FT
PNIEEEF MU A (SDS) BX U6 MRFEE E 0.1
MFY) AL FBFIRXAFIVT I A5 2 (Tris) -
(pH6.8) HICHEMLzbox IR E L, 2%
SDS, 6 MIRFE B & 2% 2-Mercaptoethanol (2-ME)
&0, 1M Tris- ¥ (pH6.8) WHICHAM L2 b 0%
BILREE Lo VIRV T Z2I) VT I FiEES ~
20%D7 7Yy Mrov (E-T520L, 7 F—) &Hw,
> ¥ & <~ — % — (Precision Plus ProteinUnstained
Standards, BIO-RAD) & %58 % 7V 1 #dH 72 ) 20mA
TWREI L7z Feftilz 7 —~—3 =7V YTV M TI—
(CBB) #:fuii (BIRECBBH#:f*x v b, 770¥ 4T
YA) BHWTI o720 FVOEGER T ViEEE (B
Graph AE-9000, 7 b—) ZH\w, 5T EE X OG0HE
JE DN IZENT Y 7 + (CS Analyzer3.0, 7 b—) %
HWTirolze T2, 79X ET S5 =2 —)VIZRaJU
SOFFEHE, SE L7z, Thbb, WEICEED
MK 2z BEAE %, &0 (27,000% g, 6047, 4
C L, LfHz79A~, ka7 o=a—n& L7
6. BIEMES IV OBEFRAR

TE 7V OB E RS 720120, 6MEE LT b))
2 (NaCl) #i (S1), 0.6M NaClB & UF1.5MIR % i
% (S2), 0.6M NaClB X "8 MIRFE B (S3), 0.6M
NaCl, 8 MR#E B & 0°0.5M 2-MEWE# (S4) o 4 Fi¥d
DT VERRY Z B L7 (Tablel), &d, Theh
DVEHNF0. IMBE R D 5 VIR F MY w7 AW
ZHWTpH7. OISR U7z BRRERICIZ Y V0 Bl
JE150mg/glZ g L 22 E 7 v (20C, 650MPa) B &
OB IV EH W2, $74b b, PEREZ-MATEOSS D JF
PNZHE, FTV 3 glHiKRZIOmem z, FEY S
4 Z (9,000rpm, 14) (T18 ULTRA-TURRAX, IKA)
L7co RICA4TTI R M IR L 721k, @050 B
(34,780% g, 1543, 4TC) 4T\, LEZBINL, 2
Nx—BMOBMEE Lz, SHICHEWICHLST 2Nz
CTLERO—EOBER TV, EERIL L7z, LIk, 4
N D LBWIK LEkOBEEZS2, S3BXUS4 %
MZTITV, w2 B 2 ANETm S & Lz, 7272
L, S3 LS4 MO EIELR 2 MHY & LAT- 72 &
BRECHE SN BT E AR E L, 48KERENT L 72
B, FUNIHBEESZORRT VY —VEIZLY
WE L7 BBEWICHERLZWEr VDY v ER%
RHL, &7 VEREANOBERREZRDIz,
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Table 1

Effect of each solution on protein-protein interaction

Protein-protein interaction

Gel dissolving solution

Hydrophobic

Tonic bond Hydrogen bond . . Disulfide bond
Interaction
S1  0.6M NaCl X
S2  0.6M NaCl+15M Urea X X
S3  0.6M NaCl+8.0M Urea X X
S4  0.6M NaCl+8.0M Urea+0.5M 2-ME X X X

X : protein-protein interaction cleavage
2- ME 2-Mercaptoethnol

7. EEETHEMBICKZWRMESIVOBBEEDE
=

YEEE 7V OIS BEIC I RO S 7O HEIE- T
HELL 22 ES v (150mg/g, 20T, 650MPa) B X O°
&4 v (150mg/g, 80C, 0.1MPa) A% H w72,
ARoEWHZBIZEmE L, A& —T1 ¥ 72170,
B o R e TR O B A T B EE (FE-SEM) (SU
8010, HIMNA 727 /0T —2X) 12X D INE 7 IV oMM
s R B L7,

8. M Et ¥
WMEHLELIHET Y 7 b (=7 2 IVHiET2015, fhaxfiik
P—ER) ZHWTGESH L VPWDIZDWTIZTukeyD %
EILIHE (FEKE  p<0.05) 21F7o720 72, &
N OFERPET OV TIEWELcHOt — g (B REKHEE | p<
0.05) Z47-72,

1. MEREZFEORESINEMET IVORKICEZ D5
g

TEALBRIE O {5 EE SR INE &7 )V DI RIS - 2 5 5%
% Table 2 1278 L7z JIELEIE DM 5 CLLUF T
JEALER %247 5 T H I IE 7V 2 T3, Rk dshE 5
ETHY, GSBLUOWDIIMOEE & 0 AL - 72,
L2 L, IIERLEE: OHRE10TIZB W TINH DOGSH X
UWDIZ 5 CULFICHAERICH ML, MeisTidd 52t
TFVEER LI, SHICMELARREORED LA LD
ICGSB L UWDIAEICE S b EIAEZRL, WHEZ T
WETEH L7z,

[f] U560 B COMMERE I BT b INELER O
EFBRLNTEFEZ ST ANV F—BREILTHZ &

BHLNTEY, Thtbv, ¥ U7 HoEMIIET
CIREOR S HBERT A EBMESRTWwAEYY,
7z, [ UHEJIREEC B\ T AL BRI O T FEA310~50C
DEMMBETIHIRE D LRI, FV ol S A38nd 5
ZEHFHEINTVDY, RO DML T VKK
FHERIZBWTH, MESIVOBEIAZETTRE ) Tl
2, MEAHREORENIKECHFSTEI LWL
Eholzlzw, REE TLELIBEO RER T O INE LB
IEEIZ20CICREET AT & & L

2. ENBEE RNV ERESWEMES VORI IC
5_1 E?EL‘

20C COMEMIIZ BT L ENEE L 7 > 37 HiBiE
PSIRE N7 N DI E- 2 558 % Fig. 1 a, bR L
T2o & V87 B iR E100mg/ g T 13450MPall T o i - ML
HIZBWTIZGSE L UWDOH XA ST (GS: 1.2
~2.0x10™N, WD : 0.4~1.6%x10"°m]), 500MPa7>5
DIDPTIED BIMEDOWEMA A HN/2H(GS 2 7.0X107°
N, WD : 7.5%x10°m]), 7 VIZEHKET, 650MPalld
WTHEE 27 VA L7z (GS:0.2N, WD : 2.3m]).
—J7, & 87 FikE125ng/g T 13450MPa 5GSE
WD L (GS 1 0.1N, WD : 1.5m]), Bk
v, 650MPall BWCHEIWCZ 9 2 HYWHER Y
Vv (B V) 2B L7 (GS:1.1IN, WD : 11.7m]),
7 o7 HiEE150mg/g T X, 400MPail B\WTGSE X
U'WD2sHhn Lk (GS £ 0.3N, WD © 3.0mJ), 450MPa
THMTZVEEK L 72, & 5124502 5550MPa% T&
WICGSB L UWDIEHE ML (GS 1 0.9~6.6N, WD : 9.4
~53.6m]), WHEZBETAANVEIEK LT TDH, 550
5 650MPalZ 21 F T HGSB X O"WDIZ I3 % @1 %
AL, XDMEREISVERK Lz, 650MPaTOGS

Table 2 Effect of temperature on high-pressure processing (600MPa, 15min) of egg yolk

Temperature (T)

0 5 10 15 20
Gel Strength (N) 0.01 +0.00 0.03 = 0.00° 1.67 £0.09° 5.09 £0.20° 6.34 =0.40°
Work Done (m]) 0.10 +0.00 0.21+0.01° 14.67 = 0.88° 45.15£3.05 56.00%=3.67"

Protein concentration of egg yolk was 150mg/g.

Value in the same row that are followed by different letters were significant at p<<0.05.
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Fig.1 Effect of pressure intensity and protein

concentration on gel strength (a) and work done
values (b) of egg yolk

Temperature during high-pressure processing: 20C ; broken
line: yolk protein 100mg/g; dotted line: yolk protein 125mg
/g solid line: yolk protein 150mg/g.

BLUOWD (GS:7.2N, WD : 67.5m]) %% > 37 Hig
EETHA B L, WHE DI2100mg/ gl X, 125mg/gid
%5 1%, 150mg/gl3RI35RE Wl & R L7z,

PIEOKR, FEIMEEL & 87 HiRE ORI tE»
GSHB L UWDOHMATA S, JIEDMES IVIEKIZIE
450MPalk E o FE 50 EE & 125mg/gbh L o> & X 7 Bk
ERLETHLZEDRHLN I o720 ¥ V8 HITE
TREER & ¥ 87 B ORI E R AE T 2 2
& 410MPa® NEALEE € = K ICRYHE B B o K
IRAEABEMIEIC X ZWEY — 7 OIHE, 500MPa®
DUEALBEC X D I OBk T b N B T &2 hs i
INTWD, WHEEDEECHENES & W2 Y —
DL Y V87 HEWIZ X 27V RBRERDOT & %
ABbNDHITENS, RPHFIZBWTH450MPall EoJE
JBRETT VORISR 5 2 L AR S N7z,

3. NEMEBEMAIEFMEST IWOFKICE 2 5 7E

SHE D44 % FHE 35 2 NEMORIIASINEIE 7 v 0
W5 2 5 %2 %Fig.2 a, bIZ/R L7ze MEZ VI
NEMi# & 6 mM % T E QM WGSE L O"WD
AL, FLLFIVOREDHE SN2, NEMEE
8 mMULETIE 6 mMBMKEEDOGSE L UOWDEIFE ALY

(a) 6
_sibg
& \‘§
\
gl
= \
15} \
— \
CEEN! \
2 \
&) 5 | ;
1L
0 2 4 6 810 20
N-Ethylmaleimide (mM)
(b) 60
50 fEea
£ i
o 40 \
o \
] \
£ 30t \
= N
20
10 +
0 2 4 6 810 20
N-Ethylmaleimide (mM)

Fig.2 Effect of N-Ethylmaleimide concentration on gel
strength (a) and work done values (b) of pressure-
induced and heat-induced egg yolk gels

Protein concentration: 125mg/g; solid line: 20T, 650MPa, 15
min; broken line: 80C, 0.1MPa, 30min.

BALIZA SN o T T2, MEXOMES VIZNEM
B TIMET V2 3 /%5 ERAGSE L UWDZE/RL
72A%, MES IV & REICNEMBEE o8Iz tEv, GSB
FUWDIF2BIZHA L7zs LA L, NEMEE10mMDL
L OTMT HMEST VAIIE SV % L6 5GSE L T'WD
L7

Vo E, WEICNEMZRMT 5 &, MELHEE
LB L HIZFNVDOREIRFE LS HESN-Z L
5, EOMETS VB L OIS VOEIZIEY AV
74K (SS) HENKRECHELTWEZ LARES
N7ze TNEYANSP B I UOLAIGYOBIIB LT v
YR OYRE ORI X 5 RE(LDS-SHE A1 & 5 &
ThiHEDHEELZIRTLHHDTH -7,
4. SREMETIVOEESZ >IN EOERK

REIME TS MV OBEITIISSHEENPRKE LML L Tw
HZENWEINTT-D, SSHEAEIZE > TEET S
JEX VB X OMET VO S 37 Bk 2475 720
Fig. 312 50 # ®SDS-PAGE (ME+, ME-) o # f %
Fig. 41279 XA~ B L V7 5 =2 — VDSDSPAGE (ME
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______ _GEEHHH
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10— !!1'
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1t
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20- %=

15-

].0' FETIYTIT I YYYMI Y

Egg yolk
Fig.3 SDS-PAGE analysis of egg yolk in reducing (a)

and non-reducing (b) gels

M : molecular-weight marker;1:4C, 0.1MPa;2: 0C, 600MPa;
3:5C, 600MPa;4:10TC, 600MPa;5:15C, 600MPa;6:20C, 600
MPa;7:80C, 0.1MPa.

(c) (d) (c) (d)

M  1c2c3c 1d2d3d 4c 50 6¢c  4dbdéd
HERE R i H il s — H
(kDa) i
250 - - .
-—
150- - .J
100- : ' B -, '
75'- .--!-! r_ '"“ [ = |
-y MHH E?**’
37 - Lahaha
- Ees
-—a
25_ - e - . e
20- %
15- A ——
10- ""YN "
L | J
Plasma Granule

Fig.4 SDS-PAGE analysis of egg yolk plasma and
granule in reducing (¢) and non-reducing (d) gels

M : molecular-weight marker ; 1 : Plasma, 4C, 0.1MPa; 2 :
Plasma, 20C, 600MPa ; 3 : Plasma, 80C, 0.1MPa;4: Granule,
4C, 0.1MPa;5: Granule, 20C, 600MPa;6: Granule, 80C, 0.1
MPa.

+, ME—-) O#REER L7z, RITIRETOINE 1T KRB
(4T, 0.1MPa), Jjn £ # (0~20C, 600MPa)
T OhnEALEE (80T, 0.1MPa) DEMEDHENII Db
5%, TRTOINE TRED KB R 2R L7z (Fig.3
la~7a)o —77, FEBRICIRETIZ, RUHEORKE (Fig.3
1) EEITCIRBL IZIZMRAMERKBHERERL

A5, 0T, 600MPad LBl % 4T 7= 38K (Fig.3 2b) &
200kDafif3E D3> KB & U100kDaff LD /3 > KD Yefh
BIEOT BB I N, MERHEORE L A 3¢
HZrI2&ED, 20C, 600MPad LBl (Fig.3 6b) Tl
200kDaffik DN ¥ Fidigk L, 100kDafdfrd /N> Fi
RH D A ARG TR E DO EMM T Le F
7z, 75kDafffE D N v ¥ b BetBi B O T 25380 H iz,
K2, 79ABIPTI=a2—)V (Fig.4) 1ZBWVT
379 A=A LNA758 X U200kDaffir d /3 > Fik
ZNZFNapoLDL7038 X Wapo-LDL175 & g s ™, 7
I =2 —WIZA SN A100kDaff LD /8 v K (Fig.4) 1
apo-LDL137 £ apo-HDL105 & HEE S L 5% JNELALEL L
72O, 75 A28 IS5 = 2—NiE (Fig.3 7b;
Fig.4 3d, 6d) 20C, 600MPa® jiil J£ 4L ¥ (Fig.3 6b;
Fig.4 2d, 5d) & % kB R Z2 xR L, Ligd®apo-LDL
Rapo-HDLD /N > F O 4efaii i O 23BigE S 7z,

PREEIME A VORI 1dapo-LDLASEAS- L Twab 2 &
MINFETICHESINTBY?, 75 X< HFEDapo-
LDLE 75 = 2 — )Wk Dapo-HDL & apo-LDLAR # @
TFVEROTE RS 7B shTnwb, 72, SDS
-PAGE (ME-) O## (Fig.3 1b~7b) 225, MES
MAEIMERT IV LRI IR S D F Y7 I X 5 TW
7230 THSSHEADEI Y, BoTEORERE R
Sllzd, N NOYMIBEEOKT £33 FOHEL
AR 72 E 2 5N apo-LDLRapo-HDLO &K EIC
FISCLLETEWE M X 2L (Fig. 3 5b,
6b) ZMFEL L, FNSIZX o THES VORK I
ETWVBHHDEHELIN, X 61T, BEZMET V%
BT B3 T I AR E T T = a— VR OME/EHAE
FELEINTBOIMESVIZBWTHIMES L & FEED
ZEMHEZ o TV B UHEEARIZ S N7z,
5. BNEMMESIVOBEBEMNE

Z 7 VIR QIR EINE 7 )V O 5§ 3 % Fig. 512K
L7z MIEZ VB L OERT VIS 4 ~O BRI R D
L, WIRLK80%ERL, M VORICERZZEIR
BHONLD o720 KITS 3 D BEFRHE < %n%hﬁ
10%BEEZRL, AEEEIROON o7, T2,
KBRS ZNEN 3 %RE, S2~DOBEMHFIZ1%
BEZRL, AERETIROONE» o7, —T, S1
NOBIRREIMET VAR 9 %, MBTVHHI 5 %L 7%
D, A8BICEL o TV ABETEIEMETST VA1 %
i, MBS VK2 %E %D, FEIEOKREEZRL
720 LEORENS, K7 VEREICHT 29087V 0
R IIE 7V &g s )V TLlRIER CHER %2 7R L72AS,
S1~OEMYER ENRR > Tz,

BAIVEIRE I Table LISR L7z BY, K7 vy
HMMEERA 2 WS L ORI b3 2 v s, ¥
DERRIIE T V7 B BEEH OB G LHEET S
EWTE L, SO EOINEIE S IVIZIEL S L & [H
FRICS-SH AT NVIEBICKRESHFS LTV Z LA
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Sk ol oI Lix, Wik ONEMIENMND A
(Fig.2 a, b) ®SDS-PAGE (Fig.3, 4) »H b HHxh
LIERTH o2 MES NV EMETS VOBIZS T D&
R (4 VEGOEE) EABENRSOEEG THE R
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Fig.5 Solubility of pressure-induced and heat-induced egg yolk gels in different solutions

Protein concentration: 150mg/g ; Il : 20C, 650MPa, 15min;[]:807C, 0.1MPa, 30min.

* : correlations were significant at p<0.05

Fig.6 Comparison of microstructures of pressure-induced (20C, 650MPa, 15min)
(a-c) and heat-induced (80C, 0.1MPa, 30min) (d-f) egg yolk gels

a, d: magnified 10,000 X ; b, e: magnified 50,000 ; ¢, f: magnified 100,000 X
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Moisture Content Prediction of Dried Cooked Rice
during Drying, Preservation, and Water Sorption

KOIDE Shoji*'®, ORIKASA Takahiro*', KOIDE Fuyuna®*,
MURAMATSU Yoshiki** and TAGAWA Akio*?

* 1 Faculty of Agriculture, lwate University, 3-18-8, Ueda, Morioka 020-8550
* 2 Faculty of Regional Environment Science, Tokyo University of Agriculture, 1-1-1,
Sakuragaoka, Setagaya-ku, Tokyo 156-8502
* 3 Kagoshima-Osumi Food Technology Development Center, 4938,
Hosoyamada, Kushira-cho, Kanoya 893-1601

In this study, moisture content changes in cooked rice during hot air drying, equilibrium moisture
contents (EMCs) of dried cooked rice at various temperature and relative humidity conditions, and
moisture content changes in dried cooked rice during water sorption were investigated and predictions
were made for each course of moisture content. Results showed that the exponential model was
applicable in describing the moisture content changes in cooked rice during hot air drying, and the
calculated drying rate constant had Arrhenius type temperature dependency. The EMC of dried
cooked rice, which is considered an important index for preservation, fitted the GAB model with high
accuracy. It was also found that the moisture content changes in dried cooked rice during water
sorption could be predicted by Page’s equation. In addition, sensory test of cooked rice that is made
from dried cooked rice (dried cooked rice was rehydrated by water sorption at 40C for 30min,
followed by microwave heating at 500W for 1min) indicated no significant difference (p>0.05) in taste
compared to that of the reference.
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Key words : dried cooked rice, hot air drying, water sorption, equilibrium moisture contents, sensory test
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Drying temperature: [J, 60C; &, 70C; O, 80C. —,
values were calculated by the exponential model.
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Fig2 Arrhenius plot of the drying constant ki vs.
the reciprocal of absolute temperature 1/T for
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Table 1 Parameter values of the exponential model during drying process
of cooked rice and R* fitted distribution values
Drying temperature Parameter
(T ki (h™") M. (% db)  RMSE (% db) R’
60 2.89 11.58 2.04 0.998
70 3.20 9.56 112 0.999
80 4.67 9.48 2.78 0.997
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Equilibrium moisture content: [J, 5C; &, 15C; O,
25C. —, values were calculated by the GAB equation.
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Fig.4 Moisture content changes for dried cooked

rice during water sorption

Rehydration temperature: O, 20C; 4, 30C; [, 40TC.
—, values were calculated by Page’s equation.

Table 2 Parameter values of the GAB equation during moisture sorption of
cooked rice and R’ fitted distribution values

Parameter
Temperature
() Win c K RMSE R?
(% db) (=) (=) (% db)
5 8.060 55.59 0.770 0.740 0.979
15 8.237 37.85 0.732 0.172 0.986
25 9.769 23.75 0.601 0.161 0.984
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Z, ROTRITBREFVEH I v T4 ¥ 7Lz
LZh, g o@EENr L ah o7z (RP=0.962
~0.965, RMSE=10.2~15.5 (% db))o & o THIF%E
TR AEEDOETFT VA E LTUT OPagex % H Tl
FEAHZ B TIdoH 72,

%%%:exp(szt’v) ................................. (4)
T2, MIEOKIERt (h) Ok ZE0EKE (%db),
My ZEKRE (% db), MOIEFEK#E (% db)
TIITI/NT XA =%, kiZWAREEER V), Ni&
NFGRA—=% (=) TH5bH, WEMzrRNNACAL, T
Ff/NEARETHE S N2/85 XA — % % Table 3 1251 T,
T2, Hohing 2= 2RONRA LELNEE
il I EBRTRT (Fig.4)o Shzisd EWKhD
VEIR R B O & K S A5 TE 4o T2 CPagesU TR &
CEHTE, RMSEWI2.17 (% db) DT &% o7z 4
BIE, BOWIUKEEIC B 2 EER RO G KREE LD 7
— & %R L, PageXIZHTIEOTHEINNT XA —F &%
Y5 LT, WHREE - EDOKPITHET D701
B3 B IR WK TR EE I B9 2 BRI R 2R R L 72,
4. EREHBRBER

Table 4 IZHRERBR O PHE 2 /R iR & RHBOK
Soaked/500W & OHICIZAEAE (p<0.05) FRD LN
o lzo 2 DSoaked/500W ik # & &4 T0.50% 2 L,

M E R TERERE VIRV A I 7B O N2 72,
—, &#ER & IKHUKNot-Soaked/500W & @ [ 12 1,
ARG, WR, KD, BEEICBWTHE LA (p<0.01)
VRO LNIz, TOZE LD, BTV Y VIREATOBK
IR D 2 2 TS 2 2 BN REVEEZ b,
F 725 W U 72 SR8 K Soaked /500W i, #2MK i) %
R & MRS S 7214, BT L v V& AV TR
L72bDThY, SRORMICIZEERL DL OKS
W > Twize — 7, MREKNot-Soaked/500W ik, Wk
Ko T1AT > TB O TR B kL & 7 - 720 A5
T, MR & IRBOR O RO KGN, fF, WREMEZ
COPYLHIMEZIT o T\, BHERBROR T
2 HHRAB OO EREFT 5 Z L 13X 575,
G, BRI E L 72K =02 7 i % BEE 0 IR ET
FTIUL, WE OB TR L 720K & MRE O &KL
HT5H80R2 M T2 MRBEIIEV. 4%, FAA
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FRHEZ T, BB T =5 EFHWTEKRICOWT
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AR TIE, RECKOBTF b O EKFEOLE, B
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@ REBCK ORI O EKFEAZIREE 7 VX TH

BERKEIN, FBEET VRV ELNH
TR B B B Arrhenius B O R ERGEHL 2 HT 5 2

Table 3 Parameter values of Page's equation during water sorption of dried
cooked rice and R* fitted distribution values

Rehydration Parameter
temperature N ks M. RMSE R?
(©) (-) (h) (% db) (% db)
20 0.464 1.98%x107°  91.43x10° 1.68 0.999
30 0.481 2.22X107*  104.41x10° 2.17 0.999
40 0.470 2.38x107* 11455 10° 1.35 0.999
Table 4 Sensory scores of cooked rice
. Overall o
Cooking method . Appearance Flavor Taste Stickiness Hardness
judgment
Soaked/500W* 0.50 -0.90 0.30 0.40 0.00 0.00
Not-Soaked/500 W** —2.20"* -0.80 -1.00 —1.00* -2.20"* —2.80"*

* Soaked/500W was made from dried cooked rice (In the process, dried cooked rice was rehydrated by
water sorption at 40C for 30min, followed by microwave heating at 500W for Imin).

* Not-Soaked/500W was made from dried cooked rice (In the process, dried cooked rice was subjected to
microwave heating at 500W for 3min in a Tupperware container filled with tap water).

*** Significantly different (p<0.01) between control and the sample.
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Effect of High-Pressure Processing on [B-lactoglobulin Gel Formation
at Low to Medium Temperatures

KOIZUMI Ryosuke*®, IRISAWA Tomohiro*, TADA Kotaro* and SUZUKI Toshiro*
* Department of Agriculture, Tokyo University of Agriculture, 1737 Funako, Atsugi-shi, Kanagawa 243-0034

The purpose of this study was to investigate the mechanism of B-lactoglobulin (B-lg) pressure-
induced gel (PG) formation at low to medium temperatures (0~207T). B-lactogrobulin formed gels by
high-pressure processing (HPP) at 20C. The protein concentration required for PG formation was 125
mg/mé or greater. The PG at 20C and 650MPa showed the greatest gel strength and work done
values. PG and heat-induced gel (HG) formation was inhibited by N-ethylmaleimide. Free sulfhydryl
(SH) groups of B-lg increased with increasing processing temperature. The number of free SH groups
after HPP at a medium temperature (20C, 600MPa) was significantly higher than after HPP at a low
temperature (0~10TC, 600MPa). However, SH content after HPP at medium temperature was
approximately half of the SH content after heat processing (90C, 0.1MPa). Non-reducing SDS-PAGE
showed that B-lg oligomers were formed by HPP. In this investigation, formation of oligomers and
increased coomassie brilliant blue dye staining intensity were temperature-dependent. These results
suggest that free SH groups of B-lg increased in a temperature-dependent manner. Therefore,
formation of B-lg PG is caused by the formation of high molecular weight oligomers by intermolecular
disulfide bonds.

(Received Sep. 3, 2015 ; Accepted Jan. 14, 2016)

Key words : B-lactoglobulin, low temperature, high-pressure processing, gelation
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1. HE0RER

(1) B-lgiRFDER  Blgld MO HEIH ST
WPC80 (FRAKFLEMR) 2 S a4T - 720 Mk L7:B1g
BRIZC 22—V M EHWTY VX7 B %
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I VT 0IERE L 72,
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f#H7TY 7 b (Bluehill 2, Instron) ZHWTiT-72,
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eI 2 BB 5L 720, BlgiBiion s v 57 Y
JEFE & 150mg/mélZFAE L, 20T T300~650MPa (50MPa
WIFE) OEIIRE TMELELZ 1TV, B 5727 VOGS
BLUOWDEME L 72,
4. N-ethylmaleimideZSINMD F L

& 287 iR % 150mg/mé V2 R L 22 BlgiE s L,
SHIL R #%] T & 5 N-ethylmaleimide (NEM) % #&i& B
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LVOGCSHB L UOWDZEME L7z, 72, WX & LTk

WINEM%Z @3 L7277 v & F3 L 7=,
5. HEBESHEEDAIE

IELBEASBlg D W fESHIE R 12 2 5 B AR D 12
W, 7Sy BERE Ang/mé, pH7. 0ICHEE L 72B-1giB il
WZHTIE O 5 EOEE TE N ZN600MPa, 15% [ O hiE
WLBE % 4T o 7214, WEEESHIE & 2 /% S0 0 5 312 HE v
WE L7 T, ®inEsEmn#s# (4C, 0.1MPa) Ok
LBl B & UN90TC, 0.1MPa, 3045 [ o i £ L 3
% Lo ESHIL R S Il L 72
6. SDS-PAGE

IERLIIZ X ZBlgD EERDL &2 X5 7212
BITSDS— KV 72U L7 I FEXIKE (SDS-PAGE)
ZLAEMMLIO HEICHE VW T o720 Thbb, FiEs &
FAICIRE L 72 7 OB IgiBl % 2% N7 VELEEF b
Y (SDS), 0.IMFJ AL FOF I AFNLT I /X
¥ v —35f (pH6.8) WWMICHEML, WikE Lz 7V
BARYVT2VIVT I FiRES ~20%D7 5T My
(E-T520L, 7 b—) MW, 4Tm~—%— (Precision
Plus ProteinUnstained Standards, BIO-RAD) & % #&
B2 VAR 1B 72 1) 20mATIKEI 24T o 720 Fettld >
—<X—=Y=79 Y77 V— (CBB) $fui® (77
OH A T A) FHCTITo 720 FIVOMGEII TG E
(E-Graph AE-9000, 7 b—) ZHw, TEB L
ety 50 B O IRNTIXENT > 7 b (CS Analyzer3.0, 7 b
—) EHWTIT- 7
7. HEt B

WMEHLELIHET Y 7 b (=7 2 IVHEET2015, fhax ik
P—ER) ZHVTGS WD & O EEiSHIE 12D W T
Tukey®» % HILEHE (FEAKE  p<0.05) &217-72

HBREZE

1. 22NV ERE S LUIEQLIEEOREHR-IgDHN

EFIVERICEZ 22

Rl 5 X7 BigE &M OWRE %% 2 T
L 72B1gDGSE L UWDDFE L % Table 1 IZ/R L7z B
gl 600MPad HIEALIIZ BT & ¥ 787 FiEFE100mg/
n TV Z RS, 1253 X O°150mg/mé C i3 b E AL
P OIREA20C THMT A7 VEK L7ze MES IV
X7 o8 Bk oBnE X OIELEE OFE O LA
WZHEV, FEICGSB X OWDABIM L, ®E 27 v %%
W L7z0 —7, MBVLBETIITRTOY /8y kg T
MBI ZTER L ze MR VAZ S ¥ 2% 7 ERE DY
WZHEV, GSB X UOWDASERISEML, MESX VLo b
X EER SV EEK L7 150mg/mé, 20T OHIE S IV
DGSPH & U'WDIZ1258 & U150mg/mé D ER7 )V D fiE X
DB B D > 7245, 100mg/méDHNERT IV & 0 IMEDH
BIZEWTIVEE L2,
2. EHBEFBIQOMET IVKICE 2 2 HE

70 2 JEJTHRE TIEALE OhnE AL o i E20C)
L72Blg (¥ ¥ 7287 B pE150ng/me) DGSH & 'WDD
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Table 1  Effect of temperature on gel strength and work done values during high-pressure processing of
B-lactoglobulin
Pressure (MPa) 600 0.1
Processing
temperature (C) 0 > 10 15 20 90
. . 100 0010 0.01=0" 0.01=0" 0.02=0" 0.01=0" 2.82%0.08%
Gel strength  Protein . . . . . !
125 0.02=x0 0.01=0 0.02=0.01 0.84 +0.59° 4.01+1.00 9.51=0.63"
) (mg/mé) ; ; : ‘ - :
150  0.01=x0 0.06 =0.04 0.48=0.32 1.58 £0.50° 6.59 = 0.68° 14.56 £0.52°
v . 100 0.07+0.01° 0.07 £0.01' 0.07 £0.01' 0.09 +0.01' 0.07 £0.01' 22.71 £0.94*
‘Work done Protein , , , . . '
(m]) (ng/nd) 125 0.07=x0.01 0.08=0.01 0.14=0.06 8.72+6.67  39.97=8.99 89.21 +5.32°
m m
e 150  0.05+0.01' 0.31=0.16' 3.95%2.15' 1476 £419%  64.07+510° 14859 +543"
Mean=SE (n=6)
Values in the same group (*1, 2) that are followed by different letters are significant at p<0.05.
High-pressure processing: 0~20C, 600MPa, 15min
Table 2 Effect of pressure intensity on gel strength and work done values of B-lactoglobulin
Pressure (MPa) 300 350 400 450 500 550 600 650
Gel strength (N) 001 0° 001+0° 0.09%0.03° 045*019* 233+0.32¢ 396%x041° 6.80*0.88" 12.05=0.69"
Work done (m]) 0.06%0.01° 0.07+0.01° 097+027° 418%=150" 24.69+3.63° 4027 +4.68° 67.22+854" 11857 +6.13"

Mean=SE (n=6)
Values in the same row that are followed by different letters are significant at p<<0.05.
Protein concentration: 150mg/mé ; processing temperature: 20C.

M & Table 2 1278 L 720 Blgld300~450MPa® il £ AL
BT IV EEEKET, GSB L OWDIZEIREDE W
WCEBEELETRD SN Do 72, 500MPad i
HIZBWTHEE 2= 7V E2 TR L7225, GSB L T"WDI3450
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MPall ETIZEV X VEEE L, GSB L UOWDIZEN
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b EWGS (12.05N) B X O*WD (118.57m]) %R L,
Table 1 IZ7/8 L 722 LB L 72 % @ (GS: 14.56N,
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LMol RMIFIZBWTIR S ¥ /87 HiEE150mg/
né, 20C, 500MPall b o JE 758 B CB-1g% i+ AL B 3
LX), BREFZMESVEKL .
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SH3: D 4248 % Ml E3 ANEMZ 00 LD E AL L 72
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FOVIINEMZME DB VO TEEA»E L |
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EIMERB AT > CH XV EBRET, FEERTH-
720x L, SmMU ETIRHRoFEFETHY), YLD
ERERO SN oz —T5, MBS VIZ20mME T
DONEMOEINZ & 0 GSEB L UWDDO A D L7z
A5, 30mMIFINC BT OEEE 2SS VR L, W
WIMEZ VOGSE L WD % E|l - Tz,
BlgDMEZL VDT Y ANV T 4 FREEHDBEES LT
WHZERINFTIIHEINTNE?, /2, Th
R TPICEOSHIEE 1 DB L Tnw5b 2 &g
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TELHEIZ L DR L 275 VICB W THNEMBINIC &
D NVEEDE LS HESNZZ &2 LS SHE»ES
LTWAIEMRIBEN, ThETOWEZIHTED
DL o7,
4. MELELR-IgDERHSHEEICE X 5 2E
NEMBEMRBROFE R L D INE 7 VO IZS-SHE A D
MEATRIBEIN2Z Eh 5, Blgk Bk 2 iE CINER
L, ZNZENolESHIE R % HI5E L, D% Table
3R L7z Blgid 0 C, 600MPad il EMEBLIZ & » T
RULEL (4°C, 0.1MPa) & U EBESHIER A 2 2 {6111
ERLED, AEEEZIRDODLEN o LM
L, 5T, 600MPaTOMEALILIZ BV ClERESHA = X
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16 r TRECHENT 29772012, 0~20CoHKISIZE
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12 |et Blglx 0 ~10C T AL HE C I3 b Bl SHAL 2 LI AR AE
%10_‘ R BN 2 IR &R L7228, HERESHIE R A 72 <,
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4 FVEREET S0 LRSIz,
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Cha £ 51215C BLEOMIE R C TR A 1 2 5 S 12
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a GS# X U'WD (Table 1) % il BESHIE & (Table 3) 7%
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Fig.1 Effect of N-ethylmaleimide on gel strength (a) 452 ERHEINTVWAEY, KFEFEICBWTHIE
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Table 3 Effect of temperature at the high-pressure processing on SH content of B-lactoglobulin

Pressure (MPa) 600 0.1
Processing temperature (C) 0 5 10 15 20 4 90
SH content

. 0.18+0.01¢ 0.23+0.02° 026x0.02° 0.30=0.02" 0.38%0.02° 0.07=0.01¢ 0.72+0.02
(mol/mol protein)

Mean *SE (n=6)
Values in the same row that are followed by different letters are significant at p<<0.05.
High-pressure processing: 0~207C, 600MPa, 15min
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Fig.2 Non-reducing SDS-PAGE analysis of B-lactoglobulin after different processing conditions

Representative blots (A) and their quantification (B) are shown.

M : molecular-weight marker; a:
MPa; e: 15C, 600MPa; f: 20C, 600MPa; g:
iv: tetramer; v: pentamer and up.
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Improving the Measurement of Resistance to Gas Diffusion
and the Resistance Characteristics
in Citrus Iyo Fruit (Citrus iyo Hort. ex Tanaka

DIRPAN Andi*"*%, HIKIDA Yoshio*'® and MORIMATSU Kazuya*'

% 1 Faculty of Agriculture, Ehime Universit, 3-5-7 Tarumi, Matsuyama, Ehime 790-8566

* 2 Department of Food Science and Technologysafaddin University, Makassar

90245, Indonesia

We proposed an improved method based on the ethane efflux method of CaMERON and Yanc for
measuring the resistance to gas diffusion in plant tissues. The effect of temperature and fruit size on
the resistance and the conversion from the resistance to ethane diffusion to that to gaseous O. and
CO, diffusion were also investigated using citrus Iyo fruit (Citrus iyo hort. Ex Tanaki. The results
were in good agreement with those of the original method, and were obtained in a shorter amount of
the time. The resistance to ethane diffusion depended on both the temperature and fruit size ;
specifically, the higher the temperature, the lower the resistance and the larger the fruit size, the
higher the resistance. Finally, we presented equations to predict the resistance to O. and CO. diffusion
using values measured with the ethane efflux method.

(Received Jul. 2, 2015 ; Accepted Feb. 1, 2016)

Key words : resistance to gas diffusion, citrus lyo fruit, temperature, fruit size
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(MAP) and
controlled atmosphere (CA) storage are used to

Modified atmosphere packaging

create an optimum gas composition in the
atmosphere around fruit and vegetables. However,
produce that is

the internal atmosphere of

separated by a gas barrier such as skin differs from

1,2)

the external atmosphere We can expect to

directly control the internal atmosphere by
establishing a prediction and control method for the
internal and thereby improve MAP and CA storage
techniques and develop the other storage techniques
by using individual packaging, surface coating, and
other methods that directly cover the surface of the
and CO.

concentrations of produce can be predicted through

produce. Because the internal O,

knowledge of their gas exchange rates and

resistances to gas diffusion in plant tissues’
(hereafter, simply referred to as “resistance” or
“resistance to gas diffusion”), knowledge of the
resistance is essential.

Previous studies on measuring the resistance by
(apple), and

Banks” (apple and potato), KNeg”

PeppeLENBOS and JEksRUD” (apple), are all essentially

based on the ethane efflux method of CamErRON and
Yanc”. In the method, a sample is placed inside a
closed box, and the concentration of ethane (which
is released from the sample) is measured at a later
time. This method is time consuming, because the
in the

equilibrium concentration box must be

measured. To further develop MAP or directly
surface covering storage techniques specifically
designed for citrus fruit, we measured the

resistance to ethane diffusion of citrus Iyo fruit
(Citrus iyo hort. Ex Tanakh by modifying the ethane
efflux method. Iyo is one of the twenty major citrus
varieties cultivated in Ehime Prefecture, and falls in
the middle
harvested in December, stored on farms for about

in terms of size. It is generally
three months, after which it is distributed through
March.

In this study, we propose an improved method
for measuring resistance that is faster and the
effect of temperature and fruit size on resistance ;
additionally, we predict the resistances to gaseous

0. and CO, diffusion.

§ Corresponding author, E-mail : hikida.yoshio.mc@ehime-u.ac.jp
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Materials and methods

1. Materials
The Iyo used in the measurements were obtained
from the Ehime University farm on December 28,
2013 and January 27, 2014, and were stored in
polyethylene film bags (80cm in height and 65cm in
width, 0.03mm thickness) at 5C for one month and
three days, respectively, before beginning the
experiments.
2. Mass and total volume
All of the samples were weighed with an electric
balance accurate to 0.1g. In the case of the 2013
samples, which were wused in the resistance
measurements, the total volume of each sample was
measured using Archimedes principle”.
3. Measurement of

temperature and fruit size on resistance

resistance and effect of

Size M (7.6cm average diameter +0.2cm standard
deviation), L (8.3%+0.1), and 3L (10.1+0.2) fruit
obtained on December 28, 2013 were used for the
measurements. The resistance to gas diffusion was
determined using a modified ethane efflux method®.
For each measurement, a single fruit sample was
placed in an closed acrylic box (13cm diameter X 15
cm height; volume: 2x10°nd) with a constant air
flow containing 1,800~ 2,000ppm ethane for five
hours (Fig. 1, step A). This duration was selected
based on the results of preliminary experiments
conducted over three, five, and seven hours, which
showed that the equilibrium concentrations (Cg)

measured after five and seven hours were nearly
the same and larger by about 3 ppm than that
hours.  The
concentration in the box was measured every hour
GC- 2014 ;
Shimadzu, Japan) coupled with a flame ionization
detector (FID) and a 200X 0.3cm LD. stainless steel
column containing activated alumina 80/100 mesh.

measured  after  three ethane

with a gas chromatograph ( model

The temperatures of the injector, column, and
detector were 80, 70, and 90C respectively, and
nitrogen was used as the carrier gas. The total
mean concentration (C,) was calculated from the
hourly values. Next, the fruit was quickly
transferred to an ethane-free second acrylic box (29.
5X%29.5xX12.0cm ; 1.0443 x 107*md), which

was immediately closed (Fig. 1, step B) ; the

volume :

moment the box was closed was defined as time
zero of the next measurement. At the time of
sealing, a small AC fan (2.0X%10°ni volume)
attached to the box was turned on to ensure rapid
gas mixing for the next measurements. To
determine the concentration of ethane, 0.5m¢ gas
samples were extracted through a septum and
measured with the gas chromatograph every five
minutes for one hour, and every ten minutes for an
additional hour ; these wvalues from these
measurements are denoted with Ci. After these
measurements, the fan was turned off and adequate
time (24h) was allowed for the gas to reach
equilibrium. The equilibrium concentration (Cg:) of

ethane in the box was then measured.

Flow meter
StepA
Air Mixing box [ }—— () —
Closed box
Temperature-controlled box
Ethane Closed box
StepB
H — @ /ﬂO
AC fan )
Silicon septum

Temperature-controlled box

Fig.1 Schematic diagram of the experimental apparatus

Step A and B represent the ethane pre-loading and evolution processes respectively.
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According to CameEroN and YanG”, the resistance
can be determined from the following equations:

R=A/ (kVin) ................................................ (1)

\/in:\ég‘x O T R TEE (2)

R : Resistance (s/m)

A : Surface area of fruit sample (ni)

k : Firstorder efflux rate constant (1/s)

Vi : Volume of intercellular space in fruit
sample (nf)

Vo : Free volume of closed box (nd)

Ch : Internal ethane concentration of fruit

sample at time zero (ppm)
o . BEquilibrium ethane concentration in closed
box (ppm)
The constant k is taking the

absolute value of the negative slope of a plot of In

determined by

(1-Ci/Ci) versus time.

However, this method is time consuming, because
measurement of Co: is required. The value of Vi
fruit can be determined using our

for citrus

. . 7)
previous model equation :

Vi : Volume of
sample (cni)

intercellular space of fruit
V. : Total volume of fruit sample (cni)
m : Mass of fruit sample (g)
The value of Ci used in Equation (2) is obtained
from Equation (4) below, and k can be determined
by taking the
of a plot of In

- Ca
= XV,
o \/Iﬂ + VOIJK "

where V.. in Equation (2) was replaced by (Vi +

absolute value of the negative slope
(1-Ch/Cs) versus time:

Vo) to improve the precision. Therefore, we can
calculate the resistance using Equations (1), (3),
and (4) without having to conduct a time-consuming
measurement. This modified method was compared
with that of CameroN and Yang” for twelve data
sets of size M, L, and 3L samples measured at 5
and 20C.

The effect of temperature on the resistance was
examined for a single sample of size L fruit at 5, 10
and 20C. Additionally, the effect of fruit size on the
resistance was examined for one sample each of
size¢ M, L, and 3L fruit at 5 and 20C. All of the
measurements were repeated three times.

4. Porosity
The porosity of the samples for the resistance

’

measurements was calculated as the ratio of the
intercellular space volume, which can be determined
with Equation (3), to the total volume.

5. Sample surface area and skin thickness

To obtain surface area of the samples for the
resistance measurements, the relationship between
mass and surface area was experimentally
determined. The mass and the surface area of fruit
of size M (7.5+0.2em), L (8.3+0.3), 2L (9.0£0.2),
and 3L (95%0.3) obtained on January 27, 2014 (ten
samples each) were measured. To measure the
surface area, the peel of each sample was carefully
removed with a knife and then it was projected by
a copy machine, and the projected area cut out by
a scissors was weighed with an electric balance
accurate to 0.001g. Surface area (projected area)
was calculated using mas ratio of the cut out
projected area and the paper used (B4, 257mm X 364
mm). Then surface area was regressed as a function
of mass by a least square method wusing all
experimental data®

A = 42058m"™* R* =
A: Surface area (cn)
m: Mass (g)

Equation (5) was used to calculate the surface
area of the samples used for the measurement of
resistance by substituting the mass.

Another five samples each of size M (7.6 =0.2cm),
L (83£0.2), and 3L (9.8+0.3) obtained on January
27, 2014 were used for the measurement of skin
thickness. The skin consisted of flavedo and albedo,
and the thickness was measured at four locations
on the equatorial plane using digital calipers.

6. Statistical analysis

A paired t-test at P<0.05 was used to compare
the measured equilibrium concentrations (Cg.) with
those calculated using Equation (4). The resistances
determined using the proposed method and the
ethane efflux method by CaMERON and YANG were
also compared using a paired t-test at P<0.05 and a
confidence interval approach. Values for the skin
thickness, porosity, and resistance based on size and
temperature were analyzed by one-way analysis of
(ANOVA) ,

differences among means was determined using

variance where the significance of
Tukey's test with a P<0.05 level of significance.
The SPSS software for Windows version 16.0 (SPSS
Inc., IL, USA) and Microsoft Excel 2010 were used
to analyze the data.
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Results and discussion

1. Measuring method of resistance

Fig. 2 shows a typical efflux curve and a plot of
In (1-ClL./Ca) versus time. For the latter, a linear
slope was obtained for every sample size measured
in this study. Banks” reported a non-linear slope for
potato and a linear slope for apple. This difference
was attributed to the smaller porosity of potato (1
~2%) compared with apple (20~30%) : hence, the
decline (falling gradient) in the concentration of

ethane in potato tissue was not negligible.
According to our previous study”, the porosity of
Iyo is 23~29%. Therefore, the linear slope observed
here is reasonable, and we believe that there was
no decline in the ethane concentration in the Iyo
tissue.

To confirm the applicability of Equation (4), the
experimentally measured values of Co: were
compared to those calculated by Equation (4) for
twelve data sets of size M, L and 3L samples
The measured and
14.58 £

0.3 ppm (average *+ standard deviation) and 14.61+

measured at 5 and 20T.
calculated average values were very close :

0.6 ppm, respectively. The paired t-test value of
0.622 showed that the measured and the calculated
values of Co: were not statistically different at the
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Fig.2 Typical (A) efflux curve and (B) plot of In (1-—
Ciw/Ce:) versus time for size 3L sample at 5C

Pre-loading time was five hours.

5% level (P<0.05) ;
provided precise results for Cen.

therefore, Equation (4)

The proposed method of calculating resistance
using Equations (1), (3), and (4) was compared
with the method of CamErON and YanG' using a
paired t-test for twelve data sets of size M, L, and
3L samples measured at 5 and 20C. The obtained
paired t-test values of 0.776 at 5C and 0.887 at 20C
showed that the resistance values measured by the
two methods were not statistically different at the
5% level (P<<0.05). The standard error of the mean
of these data sets (1.13x10° s/m at 5C and 1.29 X
10° s/m at 20C) stayed between the upper and
lower levels of 95% confidence. Therefore, there is
close agreement between the two methods,
demonstrating that the resistance of porous citrus
fruit such as Iyo to ethane can be measured using
the proposed method.
2. Effect of temperature on resistance

Fig. 3 shows the resistances of the size L sample
at 5, 10, and 20C. The results are similar to those
of EBramm et al”, who reported that the skin
resistance of Japanese pear decreased with increasing
temperature. This behavior is thought to be due to
the fact that gas diffusivity along the diffusion route
from the intercellular space to the stomata or
lenticels of fruit increases with temperature”. The
difference in resistance between 5 and 20T was
significant at the 5% level (P<0.05), as determined
using Tukey’s test.

The average resistance values were 5.03 X 10°, 4.34
x 10° and 3.50 X 10°/m at 5, 10, and 20C,

respectively. The average values correlated linearly

6.0
50 ab

40 b
30
20
101

Resistance to ethane (x105%s/m)

0.0

5 10 . 20
Temperature (C)
Fig.3 Changes in resistance for citrus Iyo fruit at
different temperatures

All measurements were performed three times for one citrus
fruit of size L. Data are expressed as the mean. Bars labeled
by different letters are significantly different as determined
by the Tukey's test at P<0.05. Vertical bars represent
standard deviation (n=3).
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with temperature (R* = 0.67) and decreased about
1.00x 10°s/m with a 10C increase in temperature.
3. Effect of fruit size on resistance

The resistance to ethane diffusion at 5 and 20C
is shown in Fig. 4 for three different fruit sizes.
The resistances measured at the two temperatures
vary similarly with fruit size, with the highest value
observed for size 3L, followed by L and M, in both
cases. The difference in resistance among the three
sizes was significant at the 5% level (P<0.05), as
determined by Tukey’s test.

The average resistances were 6.96 X 10°, 4.56 X 10°,
and 3.21x10°s/m at 5C and 5.74 X 10°, 3.50 X 10°, and
2.13 x10%/m at 20C for size 3L, L, and M,
respectively.

Differences in the resistance could be due to

anatomical differences such as intercellular space

11),12)

volume''”, which is associated with porosity and is

a property of cultivars that depends on the growing

Season9) ,12)~14)

. Tissue with large porosity is generally
assumed to provide an efficient means of aerating
that could produce high gas diffusivity and low
resistance within the tissue. In the present study,
the porosity did not significantly differ between the
three fruit sizes (P<0.05) : 314, 32.1, and 33.7% for
sizes M, L, and 3L, respectively. Most studies on
gas exchange in fruit and other bulky plant organs
indicate that the skin is the most significant barrier
to gas exchange between the produce and the

~13),15)~19)

surrounding atmosphere' . Consequently, we

believe that the observed differences in resistance

were caused by differences in their skin
= 80
5 70 &
S a o3L
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% 5.0 b s M
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w40 c b
£30
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‘é 1.0
~ 00

Temperature (C)

Fig.4 Resistance of citrus Iyo fruit of different sizes at
two temperatures

All measurements were performed three times. Data are
expressed as the mean. Bars labeled by different letters are
significantly different as determined by the Tukey's test at P
<0.05. Vertical bars represent standard deviation (n=3).

characteristics such as thickness, size of the
individual stoma, and lenticel and density of the
stoma and lenticel.

Fig. 5 shows the average skin thickness of size 3
L, L, and M samples. The average values were 6.72
+0.3mm, 5.40 £ 0.3mm, and 4.37 =0.2mm, respectively, and
significant differences in thickness, resulting from
albedo thickness, were determined by Tukey's test.
The same relationship between skin thickness and
fruit size was observed in Hamlin orange by
Morcan et al® Although the differences in individual
size and density of the stoma and lenticel must be
considered, skin thickness is generally the most
influential characteristic of skin. Therefore, in this
study as well, the effect of fruit size on resistance
was considered to be primarily caused by the skin
thickness.

4. Resistance to O; and CO; diffusion

After measuring resistances to ethane diffusion, it
is important to know the resistances to O, and CO,
diffusion, which are important in respiratory gas
exchange. Banks’ suggested that ethane diffusion is
to O: and

because its movement is thought to be restricted to

probably similar ethylene diffusion,
the gas phase, ie., through stomata or lenticels.
However, it has been suggested that CO. diffusion
is not necessarily the same because some CO. may
through the cuticle of the fruit”.

PEPPELENBOS and

also diffuse
Jexksrup”  determined  the
relationship between the diffusion of various gases
by using a Graham’s Law prediction, even though
they described the difference in diffusion routes

80 o3L

Eﬁ.o oM b

250 a c

()

£40 b

2

=30
20 b
10

0.0

Flavedo Albedo

Skin
(Flavedo+Albedo)
Fig.5 Skin thickness of citrus Iyo fruit of three different

sizes

All measurements were performed once for five fruit of each
size. Data are expressed as the mean. Bars labeled by
different letters are significantly different as determined by
the Tukey’'s test at P<<0.05. Vertical bars represent standard
deviation (n=5).
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using only Graham's Law suspect. On the other
that the
resistance to ethylene, CO., and O. diffusion in

hand, BEen- Yemosnua et al'” showed
Valencia oranges is similar, whereas that to water is
60-fold lower. Therefore, they suggested that the
mass transport of ethylene, CO., and O. occurs via
the same mechanism, which is different from that of
These
transport of ethane, O., and CO, in citrus fruit,

water. results assume that the mass

which have comparatively larger porosity, occurs
through the same diffusion route and that the
resistances to the diffusion of these gases are
used Graham's Law as

similar. Therefore, we

PeppELENBOS  and  JEksruD” and

21)

suggested by
SCHOTSMANS et al.
which are used to predict the resistances to O. and

to propose the equations below,

CO. diffusion using the measured values determined
with the ethane efflux method. Graham’s Law states
that the ratio of the diffusion coefficients of gases 2
and 3 into a reference gas 1 is equal to the square
root of the ratio of the molecular weights of 3 and
2, ie, Diu/Dy = (M;/M.)". The resistance is
correlated with the diffusion coefficient (R = Ax/D,
where Ax is the distance), so that the resistances
can be introduced to the law.

Ros=Rp/0.968 +rorrrrererrnraranenaeatiiiiiiaaiiinnn, (6)

Reoz = Rp/0.826 +vvererrrrerereaeeeiniiiiiiinne. (7)

Roz, Reoe: Resistance to O, and CO. diffusion
(s/m)

R:: Resistance to ethane diffusion (s/m)

Conclusion
We have proposed an improved method for
measuring the resistance to gas diffusion based on
CameErON and YANG's ethane efflux method, and
investigated the effect of temperature and fruit size
on the resistance using samples of citrus Iyo fruit.
Predicted values of the resistances to O. and CO.
diffusion were also presented. The results were in
good agreement with those of the original method
and required less time to measure. Further analysis
showed that resistance depends on temperature and
fruit size. Specifically, the higher the temperature,
the lower the resistance, and the larger the fruit,
the larger the resistance. Finally, equations to
predict the resistances to O, and CO, diffusion using
the measured values determined with the ethane

efflux method were also proposed.
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WTOAEIEESHFETE 2200, Iy bEHWE
Pe bkl 2 hE L, MR AH 2 O BB R MG L7z,
6 HEEOSDRMEMES v MZy A S ¥4y b (B
Jelh, #Chol, BWAZu— M) % 5MMMKIL, p-o
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B & U CholiEEA%p-7 < VIR TR EIAI 253280 & 7z,
U UPREREEZ, MEICEZEDON R, (1)
P CONRERBNE T 2B T B LY V8 D%
BRNEREZZNZENK 3 ~5, K6, 7TIIRT, 6l
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MEOmMRNAFHIA TN Hp-7 v VI THEIC LA
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% 230 4 *  Maltose 190] * T Sucrose
N
an 2104
£ 100 170
% 170 4 150
'y 1501 130}
S 130 1
2 1ol H0E  p<005
2 o *P<0.05 90 JAPE 1,000mg/kg vs control
% JAPE 500mg/kg vs control 70 T P<0.05
70 JAPE 500mg/kg vs control
0 50 100 0 50 100
3 230,
éfa 210 4 Starch 220- Glucose
190 200,
()
. |
z 1504 1404
%sb 130 - 120.
3 uoff 100,
= 90 4§ *P<0.05 80

70 JAPE 1,000mg/kg vs control 60

0 50 100 0 50 100

Time (min) Time (min)
2 JAPEIZX %5 v b OEZILKE - AHPHR) 5
Sl £ MY n=6). —O——, a2 ha—; ----W----, JAPE1000mg/kgBW ;
—--A--— JAPE500mg/kgBW ; «----- Xoeewene , JAPE250mg/kgBW

F1OHMEE, KE, BHER, FS X OHFRPIREREICS 2 5p-27 < VBRI OEE

Control p-Coumaric acid P value
Total food intake (g) 901 = 30 905 = 25 NS
Body weight
Initial (g) 1249 £ 1.2 1238 £ 1.3 NS
Final (g) 4994 = 10 4845 + 84 NS
Liver weight (g) 377+ 15 398 + 1.3 NS
Visceral fat weight (g)

Epididymal 114 £ 0.71 115 £ 0.76 NS
Perinephric 175 £ 1.3 19.0 £ 0.86 NS
Mesenteric 7.17 £ 0.51 7.21 £ 049 NS
Total 377 £ 20 377 £ 20 NS

Serum lipid concentrations
Triacylglycerol (mg/d¢) 145 + 19 127 + 7.8 NS
Total Cholesterol (mg/d¢) 160 = 9.0 174 * 16 NS
HDL Cholesterol (mg/d¢) 535 * 6.2 588 = 4.1 NS
Phospholipid (mg/d¢ ) 154 + 13 163 + 11 NS
NEFA (uEq/¢) 444 * 22 485 + 37 NS
Serum glucose concentrations (mg/d¢ ) 172 £ 15 166 £ 9.5 NS

Liver lipid concentrations (mg/g)

Triacylglycerol 112 = 6.6 98.1 £ 39 0.09
Cholesterol 920 = 25 85.5 £ 25 0.09
Phospholipid 138 = 0.34 135 = 0.20 NS

HDL, high density lipoprotein; NEFA, non-esterified fatty acid; NS, not significant
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ThH b,

4. HhxJVE/ARNICLD
IEERHBEEETFOEE
VEJAFIE, I UBBIOCEY ORI E
INE M) TARVEEBRO—HTH S, W FVE
A4 FoAMEERE LT, VW, oA VA, TP
BifERZmz, IRERHEHUSGEER S #IE ShTn b,
FIT, FELHVFVIEIARTHBE)E=Z VB L
O/ 3 VEHCT, Iy M TORECHEEE
TORBUIRITTEELZTOICHRE LAY, 6 8EOSD
ROHEMET v M EH, BRI - ma LV ATa - VER
fHFCTCYE=VF/E/ 3 ¥ %&50mg/kgBWE % 5 &
HEHBEORS L, S5BEMME Lz, 1#4PLE LTV
E®=Y (HF+L) ¥, 73V ¥ (HF+N) #, 2>t o
— (HF) #, B#fgar bu— (NC) Ho 4B
7z RARfEE, ARE, FREES, NEBIRER,

R, WETIREICOWT, A rFVIE/ A FE

WOHEIRO SN DT (F2). WHTOIREN

WL T ORBUCY 2 5B L LCTid, HF + N#

ASHF# & i L CChREBP, PPARa, FXR, LXRa®

mRNABH= AR, SREBPlc, ABCA1D%H

i b W EIITR SNz (FhZEhp=0.064, p=0.058,

#3)o LA T/ I VIZUTORBLEH %25 Xk

ST EEED D B

@ BRI A K O#IH (ChREBP, SREBPlc, LXRa
DORBET - IETHENLY)

@ ReimmB Lol (PPARaDFBLT L D)

@ M EA RO IS L Ol (2 ZhFXR,
LXRaDFHEIULT X D)

@ HDLEA O (ABCA1DRBUET L)
INLOMRHBENE, AFRY vy Fa—2a0F

Bt Icx LTI LAFE L oiEr ) Tldaw

Lt BfEs X OSRK, FARTETEZ & o FERR S

ZEEHICEREL, SO ZEDLLEND S,

F2  HEE, fkE, BEEERE, ML X ORETIRERECSEZ 0 3V ) €/ 4 FENOEE
HF+ limonin HF + nomilin HF NC
Total food intake (g) 858 + 32 860 = 61 906 = 5.7 806 + 15
Body weight
Initial (g) 213 £55 215 £ 6.1 209 = 29 202 = 14
Final (g) 501 + 14 495 * 44 505 + 19 430 = 14
Liver weight (g) 262 + 14® 299 + 45® 293 = 21* 153 = 1.0
Visceral fat weight (g)
Epididymal 8.18 = 0.67 836 = 14 8.61 = 047 9.12 = 0.75
Perinephric 141 £ 14 155 = 2.7 141 = 1.6 12.6 = 0.74
Mesenteric 7.24 = 0.84 8.37 = 1.16 751 = 0.55 7.55 = 0.11
Total 295 £ 2.7 322 £ 5.1 302 £ 1.6 293 £ 14
Plasma lipid concentrations
Triacylglycerol (mg/dL)
CM 5.78 + 14® 3.04 = 043® 6.67 = 2.6 13.0 = 22"
VLDL 34.6 = 84® 241 = 48" 413 £ 13* 102.7 £ 19
LDL 351 = 0.25* 298 + 0.51* 3.12 + 0.60° 7.02 = 098
HDL 1.98 £ 0.60 1.81 £ 0.15 2.08 £ 0.44 2.68 = 0.40
Total 458 £ 9.3" 320 £ 5.7° 532 = 16® 125 + 22°
Cholesterol (mg/dL)
CM 445 £ 1.3 318 £ 1.3 589 = 1.9 0.64 = 0.089
VLDL 752 = 20™ 589 = 75" 64.6 = 6.6 7.03 = 14"
LDL 19.7 £ 15® 228 = 3.2 134 = 16" 8.10 £ 0.69°
HDL 219 = 0.67" 25.8 = 3.6™ 265 = 2.3" 359 = 3.0°
Total 121 = 24* 111 * 8.8* 110 = 6.1° 517 = 2.7°
Liver lipid concentrations (mg/g)
Triacylglycerol 771 £ 4.6° 935 * 4.5° 101 = 10° 126 = 2.7°
Cholesterol 96.8 = 94° 110 £ 3.2¢ 109 + 3.0° 1.78 £ 0.048"
Phospholipid 15.9 = 0.95° 17.1 = 049* 16.7 = 047* 21.7 = 019"

FIfill + FEAERE (n=4)

HXFMICEEED Y (p<0.05)

HF, &R a L 25— )V ANC, S
CM, chylomicron; VLDL, very low density lipoprotein; LDL, low density lipoprotein ;

HDL, high density lipoprotein ¥ 72
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K3 AUFVVEIA FEIDIFRE TCOREAHBEEEEFORBUCE 2 5 HE

Gene Symbol HF+ limonin HF + nomilin HF NC
ACC1 63.8 £ 5.6 68.2 £ 2.0° 100 * 24™ 169 * 32°
FAS 56.1 = 20™ 365 = 4.6 100 * 45 284 = 92°
SCD1 923 £ 12 68.3 £ 8.0 100 = 89 68.1 £ 20
ME1 80.4 = 10° 924 = 6.3° 100 = 10° 316 + 42°

SREBPIc 958 = 17° 55.2 = 8.0% 100 £ 15° 33 £ 20°
ChREBP 85.7 £ 2.0" 69.9 = 4.1° 100 + 2.6 132 = 10°
HMGCR 984 + 5.5° 90.7 £ 44° 100 = 11° 453 = 20°
LDLr 103 = 5.0° 59.1 = 7.7¢ 100 = 20° 184 = 15°
SREBP2 86.2 = 5.7* 80.6 £ 3.2¢ 100 = 8.7® 130 * 16"
PPARa 785 = 74™ 61.8 £ 9.5° 100 = 94° 604 £ 8.0°
CPT1la 827 £ 15 752 £ 50 100 = 12 107 = 15
FXR 859 + 7.6 701 = 74° 100 = 34° 96.2 + 8.8
LXRa 831 * 31* 65.8 = 34° 100 + 2.8 824 * 10®
SHP 653 = 7.8 66.8 = 32 100 + 18 304 = 9.0
LRH-1 105 + 6.2 107 £ 11 100 = 7.6 133 £ 18
HNF4a 117 £ 6.1 80.1 £ 12 100 = 10 873 £ 7.0
CYP7A1 97.7 = 18 720 = 20 100 = 32 86.9 £ 37
CYP27A1 87.0 £ 4.6 928 = 14 100 = 7.0 124 = 13
ABCA1 965 = 4.7 769 = 64 100 = 4.6° 758 = 64°
ABCG5 128 + 35° 57.2 = 2.7% 100 £ 21° 191 * 6.2°
ABCG8 146 + 43 64.7 £ 12 100 + 30 94.8 = 36
ABCBI11 115 £ 10 893 = 14 100 £ 7.3 116 = 15
MTTP 98.7 = 84™ 87.7 = 44° 100 £ 2.4® 131 = 12°
DGATI1 113 = 89 982 = 4.2 100 = 3.6 94.6 = 12
DGAT2 95.3 = 16™ 722 £ 48 100 = 51® 115 * 9.9°
ACAT2 117 = 8.6° 102 = 10° 100 = 4.6° 560 = 100"
CD36 909 £ 30 121 £ 25 100 = 7.5 582 £ 48
PR+ BHERE (n=4) HF, SE& I VA7 a—)V & NC, iR

mRNA ZEHiH (X RPS18DFEBE 0 L THE#EAL

R LFHICHEEED Y

(p<0.05)

5. bW I

ACAT?2 . Acetyl-CoaAcetyltransferase2
ACC1 @ Acetyl-CoA Carboxylasel

EEFREE Vb D XD ICEH LI ERERO %
MY DH B REOEPAMERIGHE —E O&E % K7z
LTwbZ e, £ OBEANEIHLFHEIN TS,
LaL, REZEEIND SRR, RIS KIGHED
OEBBEREICOWTIE, FRELMPAINLREENS
CBRENTWE, AR v 7y Fa—20Fk - &
FEOROOLNRIICRIE G2 20582 HigE L2 we
EZ2TWh,

B OB AEORTCHY, H0)ic k) T
MEBY F L7, SR LTESHEILE L EIFET,

BE—E

ABCA1 : ATP-Binding Cassette, Subfamily A Memberl
ABCBI11: ATP-Binding Cassette, Sub-family B Memberl1
ABCGS5 . ATP-Binding Cassette, Subfamily G Member5
ABCGS . ATP-Binding Cassette, Subfamily G Member8

AMPK . AMP-activated Protein Kinase

CD36 : Cluster of Differentiation36

CPT1a : Carnitine Palmitoyltransferasela

CYP27A1 : Cytochrome P450 27A1

CYP7A1 : Cytochrome P450 7A1

ChREBP : Carbohydrate-Responsive Element-Binding
Protein

Chol : Cholesterol

DGAT : Diglyceride Acyltransferase

FAS © Fatty Acid Synthase

FXR : Farnesoid X Receptor

HMGCR : 3-Hydroxy-3-Methylglutaryl-CoA Reductase

HNF-4a : Hepatocyte Nuclear Factor-4a

JAPE : Japanese Apricot Phenolic Extracts

LDLr : Low Density Lipoprotein Receptor

LRH-1 : Liver Receptor Homolog-1

LXRa : Liver X Receptor a
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ME: Malic Enzyme

MTP : Microsomal Triglyceride Transfer Protein
PPARa : Peroxisome Proliferator-activated Receptor o
SCD : Stearoyl-CoA Desaturase

SHP : Small Heterodimer Partner

SREBPIc - Sterol Regulatory Element Binding Proteinlc
SREBP?2 : Sterol Regulatory Element Binding Protein2
TG : Triglyceride
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