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. X BICHET LOAICOW TRERNI O LT,
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—VERINTIE. ¥ pH EF LEHEORD B3R bivik, REFFOMERIT. BT
SO EFIEIC LY Brol, BIEOERAECIHEFATIE, FERERE
CHIEEDFRAITEL 2V BT EOBBD Lz, 2 0% MgCl . TRbOZELIh, =
B ) LRI CRAIT RO o7 (Fig. 1), BASMHFEY Y HETIIBME 1 BRTHR
WEEDAITE LB 20 TO®RIIR L, VY EERARvr=A VY =V ERER,
W CEG AR O R, =& ) —VEAEEEL Y bE ol (Fig. 2. ¥
V=133 0 B2 AT TN LEDER—EEE R L b, HEEFFT
TR Y U E VY SR A E o T, BT LOREDL, BIET
B, 2ALELORELER,NT, =F / —ARINTIREAKREZH O, MO
HADEEWEBBOLFIBANRSBROFETH D,
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Fig. 1 Stability of red color of ume-vinegar Fig. 2- Analysis of malonylshisonin in red

by aging. Coloring method: 1. ume-vinegar. Coloring method: 1.
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1. B#

W T BT S B ORENT., SEBTIC KD BN D OBK. KOEEET
F3 T T L AEKEOETER L, REEORETH 5. EOBEN 2% T OHE,
B2 OME D BIENAES TH DN, 5% ETHIH S . 10% AL TIRIE & ALBIE
TE%, LHL. BERBETSEYE L. #OTOREORMOEET. Dl
SEEZ T TEY. BRTEMEETEIRERENIXDIZIDLS. Bk s
Py CREETSAHaRRELTRE SN, BEAENMERINS, —F,
WEO—FEELT, BEETIINI—ITRETSZEbTbNS, BBEOWE
HELTEZE, I0BHIFIFF 11D TNV TEZEHRADLILENTEDS L
EbNTND, FEITIZ. BT 106U T ELRWS, BERICEENST)Va—)b
DR EED BEEEHES,

AADERNZEN OO EDICET LIETNH S, BT UL AEESCEREA
I SR AT E RSN EE I N, HEEORBENEWEY THEITERPD5 T,
ARE, WERELBHOTND, LL, TOXIBREOF TS, HEEOHEET
LADERIIE <. ERUEHET LA 20% DAEERANSDIH LT, 8~15%0
BEOPFEL TS, FORICEBICRSZEDVDEDN, BTLORAEZED T
THINENWIETHD, BIIHETLORSREROVEDTHS, JUL. KA
DIVECEENET ORI TR HHCENSHEL, BTLICEEI®ED
DT, BETEROBNEELEINTVAFAENZ D,

BET YN T DU EHEARE TR AR REE T, AESEAMTOBRETES
o, BET S (Figl) « LAL, BTFLETOREBRIVOTY > YT
(Fig.2) IckBicbhnbsd, EHMTEAEERD, LEL. HEEBTLSY
O — VEIET LTI, BEIZALTELS RS, PLHETIR. ¥ IVROGRE
ERLE I GO FEDET LTSN TWEN., REERFRIIYITEER N
XN, WEELRREATHS., 0T, —HOEAETRDENEBEOHETL
DEFFARYDTRYBEER L VWS, BOEYMSHHELEZT Y R TZ2T
EELEHDHHES TN,

L L. BEFLZOREDREWVWED Y TEFE-BTLIE. FREERICES. &
ZNEENN EICEESHIRRE SRS, FRFEI, EMEET VNI T VRS
TTELWEERRET S, FFFETIE. B BFLTY VR 7 ZUDRREIR
200, BETEIFEREEC. C0XSICT NI TZUNEETION, £
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anhydrobase ( purple ) flavylium ion (red) trans-calcone ( colorfess )
neutral ' ’ acidic . )

anhydrobase anion (blue) pseudobase ( colorless ) cis-calcone ( colorless )
basic . neutral

Fig. 1 Structural change , color variation and stability of anthocyanin depending on
pH.

OH R0
R«; R2
malonylshisonin (1) E-p-coumaroyl malonyl
shisonin (2)  E-p-coumaroyl H
caffeytmalonylcyanin (3) E-caffeoyl malonyl
malonyl-<cis-shisonin (4)  Z-p-coumaroyl malonyl
caffeylcyanin (5) E-affeoyl . H
cis-shisonin (6)  Z-p-coumaroyl H
cyanin (7) H H

Fig. 2 Structure of anthocyanins from purple leaves of Periila ocsimoides.
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DOEIZBEITNARZBZ 2T 200 ERENICHEFTS L 2B TR,
RO ERELAVO/NNRETII RS, FEEOXS—IVTHTLEZET, BET
NaA—IVDFE, RN EAHEDEWVWCLSZERE. BEEOHERSITEAED
(L2 L DS BNz,

2. A&
(1) BEIS
HETHEBALLRNEOESME (k5. KEX L) Z2HABICHT I THR
i CEBRBERE LR, KEBI0%TY ) —)VIC—50kREL. BElz. Iz 15
~18Kgh—BME LT, RUIF L OETESZRY TOE L URERICANTZ,
5 b ERER BT Th 5 20%E T MUY ARINEHEOM, TOREERLIT 10%
EoAHUERS THEEAEI TRV LAIKBUIED D, TD 10~15% 215/ —)
I3 L= b D72 & Table 1 KR L 7= 5 &tk Tl /2. TOKS, HBEEIIN1,/3D
OREICMAZ., T¥ /) —IVIZBREBICMAz, BELEEZL, BEED 1.5 FOEA
REE. =R THEITICK 2 ERKE L CRETETL 2EZ.

Table 1. Concentration of various salts and ethnaol for pickling ume.

Entry  NaCl MgCl2 EtOH
A 20% — —

B — 20% —

C 10% 10% —

D 10% — 10%
E 5% — 15%

(2) BRETDEE

gx OEETEERBEEEABTRCOIHE L, EEBELTI~3KenD
g T A R O A5 IC AL, Table2 IR L &tETRILEE L2 Ry (05
A, MOEERED 0%DEHRM i, HEELZYYERESY. O
B (FhZh&EYVESHENCBRELLZER) 2MA. SHCHYEORRERE
Mz, EECRANICEE Lz, &R TOEBICDOWTIEL .

(3) BEEOERSHR

VEH U 7= FREERIS AR AIC pH S HIBE E TN TN S ABM pH A—F—, BX
CHESBER TRIE L /2,
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Table 2. Procedure of coloring pickled ume by purple leaves of Perilla ocsimoides.

No.method treatment of leaves

1 traditional method  Added 10% of NaCl to fresh perilla leves, then
crumpled hard till purple colored juice exude.
The leaves squeezed hard to remove aku-juice,
then the leaves was added to the pickled Ume.

2 with aku-juice Added 10% of NaCl to fresh perilla leves, then
crumpled hard till purple colored juice exude.
Both the leaves and aku-juice was added to the
pickled ume.

3 powdered leaves Freezed with liquid nitrogen, then pulverized in a
blendblender. The powdered leaves was added
on the pickled ume.

4 perilia anthocyanins Mixture of perilla anthocyanins was dessolved into
white ume-vinegar, then added to the pickled ume.

5 perilla anthocyanin  Mixture of perilla ahthocyanins and rosmarinic acid
with rosmarinic acid was dissolved into white ume-vinegar, then added

to the pickled ume.

6 control No coloring.

HO OH
OH

HO OH
0

Fig. 2 Structure of rosmarinic acid. -
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(4) FBEEOERDH _ :

RO 7S pH. HHIBE OEIERITIRo 2. 51T, BIAREREARY MVERIE &
HPLC KX 2 EEZFT/R DT,

(5) BT LR _

BTFLOREOET. BRAEREICXDITROT.

3. BEREER

(1) ABEOMER

% 2 SRR T TE - B OHIRE Table 3 ICR L. LTI R LD
WINC X0, 1BEED pH OIE T & R OB HBOMMARD 5Nz, Jiud, Hit
FRUBAERTZYTLADKIADEVWICE D DD EHETES, TIUKL,
T4 ) =)V OEMTIE. pH O L8 & A HBOBILRD b, 05 0R
D EFANTEREEETH D, TSNP T B0 pHIMET T2 H0EE X
515,

Table 3. Yield, pH, and concentration of sodium chloride of white ume-vinegar.

White ume-vinegar pH Conc. of NaCl
(mL/Kg fresh ume) (%)

A 410 1.9 17

B 530 1.6 0.0

C 510 1.8 8.5

D 340 2.4 8.0

E 300 2.9 1.1

(2) FiEED pH BLTIEN BEDEAL

FIREIC LT, B EEOFREEED pH 0L 2Tz (Tabled) » EHBEEEFEROHE
Fl&ER LN, 2V ERIN A5 EEYOMENED IC X BEEEOXET, Wih
DEETHET pH M ER Uk, Kic, MEoBaEHE 1 SHBELT, 7 7HER
Bho T EELAEL2, BIXUMRELZFEMLE 3 TLDEAo>R, Ll Kb
TR NEE DB WHEE T &EB TlE. FOEENNINTEAURE N, B
B EEEMAEAREATIE. BENNY 7V AOBBRECH oD, pH
NELSEF L, EEEEZ1I00H. 200 0T —F 2HEBELEN, FITHE
BRI EE R LIRS s o ., BTG, HEED pH IZIZIEHE T O BRETTE
KELTWEEDEEZ BN,
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Table 4. pH change of colored ume-vinegar by aging.

Time v Coloring method
(day) 1 2 3 4 6
A 1 2.4 2.6 3.1 19 1.9
100 2.4 2.4 2.5 2.0 2.1
200 2.3 2.4 2.5 2.1 2.0
B 1 1.6 1.8 2.0 — 1.6
100 1.8 1.8 1.9 — 1.6
200 2.1 2.1 2.0 — 1.8
C 1 23 2.6 2.6 1.8 1.8
100 2.2 2.2 2.3 1.9 1.9
200 2.2 2.2 2.3 1.9 1.9
D 1 2.8 2.8 3.0 2.3 2.4
100 2.7 2.7 28 24 - 25
200 2.7 27 2.8 2.4 2.6
E 1 2.8 2.8 3.4 — 2.9
100 2.9 2.9 2.9 — 2.9
200 3.1 3.1 3.0 — 3.0

EAREITOV TS, FRICREREICAIE Lz, BERELBRE2 TR, Y
EICHET FUTAEMATROOT, HBERETEALE, —F, B VE
BINZ 7-4E 3 Tl MICHESBEENMET LA, 2hd, BESIZEFEAERL,
BEEOBEHIT, BEBETRIFEASEES TWRWEHETER,

(3) FBEOBBLIVZORTDEL

TRAGEF D FREN I R, FERHITED. BHRNICEDLITELT 1 E
ARz, TORRE, BATHRBRKNZRY MVICBIT5, AIEORERERICS
2 BAEDETRLE (Fig. 4) « BETERLZES (Fig 4 upper) .« BEH
5 —EMIFE I EROREIIE L TWE, Z0RESTLIENDNASTZ, H
THCDI0%EET MY T L-10BEET TR T LADOFEETIE. BHEOEREED
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B, BN THoz. ALBIRERERAEEDEGERRELEZRL, T
5 ) —)EE0D, EREAEDRERREEDE<. 100 HEDORE S KREEN > 2,
BRIV ETERBLEZBEIE (Fig 4lower) . HE 1 BENFREHFOAI
EbES, FOBERLZ, £/, 20%ET N T LADBITFREFEANRRE TR
HRENES, B, CRTOREIBELMNEGLRN S/, D, EORAIIKE
W<, 70 BRARENE L. BHSHREED RS, EHSEEL TWIEYIC, FRIC
HEDEOTNREMTERZBEIZEGL., TN T Z2NNHT 5. €T,
BN FHEEE I I 2 BREE MR IC T A NEN D D, SEOERIITORMOILS
OXICED ., BRICEREENRD NN o EHE IND . SEROBRFNNET
H5,

T LOERIL. BEEAD Y ENS O ARRS OETIBRE S RIBEEN ST L
B ~DOBEZED ZEBENDS, ZOBRIZMETL TEETNSN, 7. HEEF
ADEHBERE HPLC T Lz, Akl TEALERORERFOEERYOZ
NIy, YIZBREOOATY VBOY—r EEORRNEERLZ (Fig
5 ., ¥OZJ)VVZid (Fig 5upper) « A, BBIUCTETHEM LU 2K
HSLUTWE, 100 BXETHRELZ. Y/ —IVBEORBWED 7T HEXTHRDEN
JEEE T LAY, FO#D & HKITEDNITRDTE I ENDRo 7z, VU
(Fig. 5 middle) » A, BBIOCTI0 AIAETELNICHEINLZ OB —EEZ
Bofz, TR, YOZINIVDCOMRICEDHDOEHETES, LaL. D,
ETld, SEFEEmMEd. EETHoz., 0T C#IE (Fig Slower) . ETH
TO—ARIZEEEBENALTE LS. IS ) —IVA\DRBENE N LHET
E72,

HF L O BEORERESESE Table 5 IRL7Z. T LERORAEITIERR T HEC
FEF EBREICEL., FORITEINTH>7z. BEEOEKTIEL. TNk bETE
N. 10 AERETTREMEICADFOBBIENTH> =z, 100 HEOEDOEZ L
T5E, FEL TEALEEEA. BBIXUOCRFEBENRS BAENMENS .
ZHIZK L. D. ERHEBENE L. FEENMEDo . EAFE2 T, 1 &K
BLTA, BBEUCIKBWTETFRATH /. HE3 L TNSLDBHREE
WMELS ., BEENENS -, THUISBERFEORNEZET 2,

4. £

SEOERENSIT, BT L2ETIRIIEED 0% BETET, BiEOHE A
VIETEARTIHENED BWERE2E~, BEREORGBIUEREL. FARK
BI~I0AETRERTZ2HOOFTOBEH L. BHEL (YOZ)VEDOHAE ®
BETWAIENDMSE, /2. T/ —)VEMNIED, BHE, ROHICKRE
SEDDTENDMD, TOEDITEBNILI BN EAVHEA L., BOMEHAND
BRTEBREDOLENEANGTEORETH 2.

—353~—



Abs

0 ) 20 40 60 80 100
Time (day)
"Abs
2.0
— O A
—a— B
1.5
—— C
—— D
e
1.0 E

Time (day)

Fig. 4 The color change of red ume-vinegar by aging.
Upper: coloring condition 1, lower: coloring condition 3.

Absorbance at A gpay Was plot.
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‘Fig. 5 HPLC analysis of each compolents in red ume-vinegar.
Coloring method 1, the upper: malonylshisonin, the middle: shisonin,
the lower: rosmarinic acid.
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Table 5. Color analysis of pickled ume, (100 days, n=9, mean + SD)

L a b
Coloring method 1 ‘
A 22.7+1.96 31.3%2.00 9.0t1.44
B 25.8%1.50 30.5+1.48 10.0+0.77
C 22.3+1.44 30.1x2.14 7.5%0.79
D 35.5£1.88 -13.9+1.87 19.0x2.60
E 36.4+1.62 11.4%0.81 15.7+t2.78
Coloring method 2
A 25.0%1.06 28.3%3.49 10.1£1.15
B 26.5%£0.61 25.3%2.52 8.2%1.05
C 28.1%£1.27 29.8+2.54 9.7%1.02
D 33.5%£1.33 14.7+1.82 15.7+1.93
E 33.8+1.48 14.7%£0.91 17.6%1.43
Coloring method 3
A 28.7+£1.03 2471485 10.2+2.98
B 30.2+3.16 18.3+2.36 11.1%£2.20
C 30.2£3.10 21.5+2.49 11.7£0.99
D 39.8£0.64 8.3%£0.70 18.6+2.00
E 412%2.22 8.1%£0.71 22.6%1.93
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Effect of Salt on Color Stability of Pickied Ume

YOAHIDA, Kumi,' KONDO, Tadao,” KAMEDA, Kiyoshi’
'Graduate School of Human Informatics, “Graduate School of Bioagricultural Sciences,
Nagoya University
3School of Life Studies, Sugiyama Jogakuen University

Summary

Umeboshi, a salty pickled plum colored by purple perilla leaves, is a traditional
Japanese preserved food. Anthocyanins in perilla leaves were extracted into exude juice,
shira-umezu, then adsorbed to the salted plant tissue. The color of anthocyanins is generally
very unstable in weakly acidié or neutral aqueous solutions, however, the red color of
“umeboshi” is very stable for a long time. It has been a question why umeboshi keeps sucha
beautiful red color after several years. We studied on the red color and stability of umeboshi
by changing the procedure of salt pickling and coloring. |

We pickled ume using various conditions (addition of MgCl, and ethanol) as well as
traditional method of 20% NaCl. The coloring was also done not only by the routine
procedure but also using the frozen and crushed leaves. The change of pH and NaCl
concentration in white and red ume-vinegar was measured. The change of red color and the
amounts of each component in red ume-vinegar by aging were analyzed by
spectrophotometory and HPLC. The color of pickled plum, umeboshi, was measured by the
color-difference meter. A

The amount of exude white ume-vinegar was increased when pickled with MgCl,
and decreased with ethanol. The pH was lowered by MgCl, and changed to high value by
ethanol. The absorbance of red color of ume-vinegar became maximum value after one week
of starting coloring, and it slowly decreased afterwards. MgCl, had a hyperchromic effect on
red color of ume-vinegar and the color of which obtained by pickling with ethanol was thin
and yellowish. At the first stage (c. a. 30 days) the major pigment was malonylshisonin,
although, it was hydrolyzed to shisonin by aging.

" Traditional procedure: using 20% NaCl for pickling and colored with salt crumpled
and squeezed perilla leaves, gave the most beautiful red colored umeboshi. The high
concentration of salt and the low pH must effect the red color development of umeboshi. The

study on coloring mechanism of anthocyanins to the plum tissue is under progress.
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