(1) 1

B ARREREFF
VOL. 35 NO. 1

l"H-

= EOBAR B R & K ORI MM NEISERL PR

mEERE M B/

W ER EFN BRI AN R FHE M EE WRE B
EHOBEE Mk ®mA AR EE ORE

<#H X>
BREoOvE TN EREIRED Y — 27 7 ¥ v =R O H L T §
—RYAPMEI TSR UVIEHBIPR IR T ) VOREEE — oo (3)

SE 3 - IR - R
ARG - REFETT - KHZEW]

<#H X> (Fx)
ZAFHEDT TR I A R EZ OB veeeeeeerrmrrrrrrrrreeeeee e (11)
SREKE - IMEERER - KB B
BR B-NE R

< BT >
ﬁ%%%%%%ﬁ%b\f:ﬁk#wﬁﬁ%é ............................................................................................. (17)

SWHEA - K BB B
PP A - K EBRE
<BfiERE > (E30)
R R IRGED 72 DO DTG H AT O ALBE L HFTR - vevererrrerrrere i (23)
SARHALZ - B

<# B>

% %‘—ﬁ'%%ODHRd%#%T%@%Eﬁ& 5 UKE,EHE?;E%&:EQTZ)H% ......................................................... (29)
JE

< EE>

%’:@fﬁﬁ% . %%A,%o)@ﬂgﬁxgétfé . ﬁg«i( (7> 2 FEF (H) ....................................... (37)

<jﬁ?}\ﬁ> ..................................................................................................................... (47)
<«% gl:> ..................................................................................................................... (49)



Food Preservation Science

CONTENTS OF VOL. 35 NO.1 (2009)

<Article> (Japanese)

Effect of Some Extracting Methods and Storage Temperature
on Quality Stability of Shiikuwasha (Citrus depressa Hayata) Fruit Juice
during Storage: Stability of Polymethoxylated Flavones and Synephrine
Mivact Kazuna, Fujise Tomoko, Koca Nobuyuki,
Wapa Koji, Yano Masamichi and Onra Hideaki corerrerererrererrememia, (3)

<Article> (English)

Flavonoids in Sasa senanensis and Their Antioxidative Activities
Matsura Tomohiko, Yamazakr Masao, Yajmma Arata,
TOMIDUKA Noboru and NISHIZAWA IMAKOLQ e v reerreerrmeeane ettt (11)

<Technical Report> (Japanese)

Development of Softdrink Using Purple Potato ‘Shadow Queen’
Myopa Takao, Nacar Takeshi, Tsukamoro Atsushi,
Nopa Takahiro and NAGASHIMA TOSHIO +vrrerereererereemtai e (17)

Packaging and Storage of Soft-ripened ‘Saijo’ Persimmons
(Diospyros kaki Thunb.) for Improving Sales
AKAURA Kazuyuki and ITAMURA Hiroyuki ........................................................................ (23)

<Review> (Japanese)

Studies on New Factors Related to Astringency Removal and
Long-Term Storability in Persimmon Fruit
TAIRA SALOSHI  svvreerererrerreenee ettt e e e et etaanas (29)

< Serialization Lecture> (Japanese)

Plum (PartIl)
Kowmryama Yoshihiro and TSUJI IMIASAQ *#vreerrrerrreereeeteet ettt e (37)



(3) HAE MRS VOL.35 NO.1 2009 (3R 30) 3

ﬁ@@%ﬁﬁﬁkﬁﬁﬁﬁﬁv—ﬁvv%—%ﬁw
i E BT E
—ﬁUXF#??7$/ﬁ£iUV$ Vv ORENE—
OB - Y W T R
UM % 6 05 B 95 - o [ 3 B3

*® 1 PRI R A B R R A e R
® 2 BRERASRAEARIS A 2B
% 3 MNATBUE NS - S e RN S T Ze 8 A R e i SR RN I 78Sk 2 v & —

d

Effect of Some Extracting Methods and Storage Temperature
on Quality Stability of Shiikuwasha (Citrus depressa Hayata) Fruit Juice
during Storage: Stability of Polymethoxylated Flavones and Synephrine

Mivact Kazuna*'®, Fujise Tomoko*', Koca Nobuyuki*!
Wapa Koji*?, Yano Masamichi*® and Outa Hideaki*'

% 1 Department of Nutritional Sciences, Nakamura Gakuen University, 5—7—1, Befu, Jyonan-ku, Fukuoka 814-0198
* 2 Faculty of Agriculture, University of the Ryukyu, 1, Senbaru, Nishihara-cho, Okinawa 903-0213
* 3 National Agriculture and Food Research Organization Bio-oriented Technology Research Advancement Institution,
3-18-19, Minato-ku, Toranomon, Tokyo 105-0001

The stability of chemical components including polymethoxylated flavones (PMFs) such as nobiletin,
tangeretin and sinensetin, and synephrine in shiikuwasha (Citrus depressa Hayata) fruit juice was
investigated for four months. The juice tested was prepared from whole fruits by using three types of
extractor, namely, a belt-press extractor, a centrifugal extractor and a screw-press extractor, and then
stored at temperatures of 5, 20 and 35C. The juice yield obtained using the screw-press extractor
was higher than those obtained using the other two extractors. Storage temperature had a significant
effect on the stability of PMFs and synephrine during 4 month storage, compared with the effect of
the extractors. The amounts of PMFs remaining in the fruit juice obtained using the extractors after
storage for 4 months at 35C, were as follows : 95.1~97.3% of nobiletin, 94.6~97.8% of tangeretin,
and 70.2~96.2% of sinensetin. Little change in the amounts of PMFs was observed at 5 and 20TC.
This means that nobiletin and tangeretin are stable. On the other hand, 73.9~87.4% of synephrine
remained after 4 months storage at 35C, while 41.5~46.7% of vitamin C remained. In sensory
evaluation, a marked change in appearance (browning) was observed. From the overall palatability, shelf
life of bottled juice prepared using the centrifugal extractor was estimated to be approximately 1
month at 35C, 3 months at 20C, or 4 months at 5 C.
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Fig.1 Polymethoxylated flavones and Synephrine
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Belt-press extractor

Centrifugal extractor

Screw-press extractor

Fig.2 Schematic drawings of belt-press, centrifugal and screw-press extractors
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Fig.3 ChangeinL-b/ | a | value for juice prepared using three types of extractor during storage at 5 C, 20T and 35T

@B.p.: Belt-press extractor, HC.t.: Centrifugal extractor, ASp.: Screw-press extractor
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Fig.4 Change in PMF content (nobiletin, tangeletin, sinensetin) in Shiikuwasha juice
extracted by using three types of extractor during storage at 35C

Symbols are the same as Fig. 3
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Fig.5 Change in synephrine content in Shiikuwasha juice extracted by using three types of extractor
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Symbols are the same as Fig. 3.
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Table 1 Sensory evaluation of Shiikuwasha juice
produced using centrifugal extractor
) o Storage temp.
Evaluation criteria N 3 .
5C 20C 35C
Appearance 1.23° 0. 85* —2.46"
Odor 0. 69* 0.31* -1.15"
Sour taste 0.31* 0. 15 -0.69"
Bitter taste -0.31" -0. 38" -1.31°
Overall palatability 0.15° 0.00° —0.46°

a, b (p<0.01), ¢, d (p<0.05)

(5) EREFHMERER AR koRBRTHIT RO
il BT, BEFHIFEA R D Do 728 0o T
THT LR 2 w727, RHiconT, 48, FEK,
B, R, Ao s EHH Z#A& L, Tablel1123
A H B U 72 25 R r R o SRRl i & A A O A
L7

R AEHT BT, S, R, BRER, WRROKIHHE
TlE, 5CRE3BCK, BLU20TKEIBTRDOMIZI,
faba 1%, F7z, WAL LR 5 % TH B
oM, TDOZENS, I5CTROFEHCTREHILIHE
ATED, 2613, RKRIEDE L 221250 T, i
IR T L7,

17200 &k OE RN 2 BRI BIE T 5 &, b K
ELREAHALNIZHBIZIMBTH - 72, 35CX TR
L72 BB @K & A, ik 12 H HOEE
S S B BFEED ENT, Wi 2 2H B2 OERE
I CIE, ERERAFTHIIIC BT, AEENBS I
2o 3P HHOERFMTIZTNTHOHEE THEAEDE
HoN, 3BT T R DT L7z,

BAE, Rt o B O @ X EREFM I LoV Tw
%o SHMAE LY —27 7Y v — Rt 0REe Mz —
OOHZE LTEWRHIMZ RED 5L, 3B5CTRTIE 1 »
ARE, 20CXTi33»ARE, s CRTIZ4ARE
DOEWRINC 2 5 L Sz,

Dbk, 3HEOWER T, BiEtmsE& om
ZBWT, A7) 2—7 L AP, ZOREZIL
BINHBRECZ L9 RITHITBATT 25 & m A
%)%75‘0 726

PETBNIC X 2 0REZ IR LzE 25, 34
HOVET BN BT D72 5 72230 b Nk d o 72,
F 72, AL -KHALER S B L OMERE» 51, 7
BRI EDSE % B I ONTHESEIAKR E W20,
IR TR T 5 2 LD F L,

V=07 —RITOREIIBIFAPMF (JELF
VB UELF Y, VA VETFY), VAT URED
BEREME R T DR B Z AT 572012, Y=o T v v —

Fih o — ik B X OB G OREEE 4 »H IS

Ho TRAELL. BiFRNE, 3HEoBT Tl

L, 5CK, 20CKX, 35CX® 3HEXTHE L

O WHEEREDB L OMERL, PMFRY 271 ¥
HREOTEL BB NT, A7) 2a—T L AE
ORI TR EEB L OHHRP R S h o 720

@ PRI, PR E & iR LT 4 2 AR
HFIZBIFBPMFE ¥ % 7Y ¥ D% EMIHE 2%
Balhzi. 4 0 AREROZHIE TR ONR
o35 CXIZB T APMFOERARIE, JELF
95.1~97.3%, % V7 LF Y94.6~97.8%, ¥ %
V2T 70.2~96.2%TdH > 720 PMFOZALIL 5 T
KE20TKTIE, FEAERLRTREL TV,
T, VAT ORAEEIT 4P HREBZE DI TX
TI373.9~87.4%Tdh - 72,

® FHEFHE T, D KEREAASNEHE X
AMBICTH o> 720 MATHIA S, OB TR I X
S T SN EE O RT O B, 35CX T
1 HRE, 20CIXT3»HBE, 5CXT4H
HREEC 5 & BAED Sz,

BB AW, MOZATBOEN  RZE - EmEERR
MRS E T FEREME AW R e R SEBARTF 83 & > & —
[FRTE R IITE SR T, RMOKRE S RAMOKE B &
RER [P AL IR I BT 2 R R FE O RERETEC
# H L7z & A i e st o 720 o FIHEAR OB 5
F ORI R R A T 0 Y = 7 MEgE TR
Wi % w9 2 B O BT | ORFZEBIRIC & -
THEhEL 720

X &

1) ERHEESHARLRE 7 o3 HiEE (62
W0 (EIBE TG HASER), p.127 (1999)

2) Murakami, A. and Ouicasnr, H. : Cancer-preventive
anti-oxidants that attenuate free radical generation
by inflammatory cells, Biol. Chem., 387, 387 ~392
(2006)

3) Wu, Y..Q, Zuou, C-H., Tao, J. and L1 S.N. :

Antagonistic effects of nobiletin, a
polymethoxyflavonoid, on  eosinophilic  airway
inflammation of asthmatic rats and relevant

mechanisms, Life Sci., 78, 2689~2696 (2006)

4) Suzuki R., Komno, H., Murakamr A., KosHmvizu,
K., Onrcasmi, H., Yano, M., Toxupa, H., NisamNo, H.
and Tanaka, T. : inhibits
azoxymethane-induced large bowel carcinogenesis
in rats, Biofactors, 22, 111~114 (2004)

5) Sato, T., Kok, L., Mrvata, Y., HiraTa, M.,
Mmvaks, Y., Sasama, Y., Yano, M. and Ito, A.:

Citrus nobiletin

Inhibition of activator protain- 1 binding activity



(9) R 30

V=29 Yy —=RitoWE ek 9

and phosphatidyl-inositol 3 -kinase pathway by
a polymethoxy flavonoid, results in
inhibitor of

metalloproteinase-1 production and suppression of

nobiletin,

augmentation of tissue
production of matrix metalloproteinase-1 and 9 in
human fibrosarcoma HT-1080 cells, Cancer Res., 62,
1025~1029 (2002)

6) KawaBara, K., Murakami, A. and Omicasmr, H.:
Nobiletin, a
matrix metalloproteinase-7 (matrilysin) expression

Citrus flavonoido, down-regulates
in HT-29 human colorectal cancer cells, Biosci.
Biotechnol. Biochem., 69, 307~314 (2005)

7) Kawan S., Tomono, Y., Karase, E., Ocawa, K.
and Yano, M. :
constituents in Citrus furit, J. Agric. Food Chem.,
47, 3565~3571 (1999)

8) Kawam, S., Tomono, Y., Ocawa, K., Yano, M.,
Korzom;, M., Ito, C.
Quantitative study of flavonoids in leaves of
Citrus plants, J. Agric. Food Chem., 48, 3865~3871
(2000)

9) KTHRA - KEFEHT - =N # - Citrus/g &5 4
WO EIMRAMEBEWE (2D nT, A3, 33, 146
~149 (1979)

10) =001 W B oA - (b - AEAbEE, BAERE
%, 5, 52~54 (1984)

11) Nawmsa, T., Araki L, Mikace, M. and HATTORL

Quantification of flavonoid

and Furukawa, H. :

M. : Fundamental studies on the evaluation of
crude drugs. V. Monthly variations in anatomical
characteristics and chemical components of the
dried fruit peels of Citrus unshiu, C. aurantium and
C. natsudaidai, *EIEZ, 39, 52~62 (1985)

12) iEHFERE - mARE © 9y bRV Y F VO
B G PE O MG, &L, 55, 102~108 (2008)
13) Apriang, F., B. and Apam, M.: Citrus aurantium,
an ingredient of dietary supplements marketed for
weight loss: Current status of clinical and basic
research, Exp. Biol. Med. (May wood), 229, 698~

704 (2004)

14) KHIE (HHZ2HED D =27 7Y v —ORREM K
4, Techno Innovation, 11, 21~25 (2001)

15) PEAEFE - SEPASE - KHIEH - KGR - AN

A N 3 h v R ERE TR oS, A& TRE, 29, 277
~282 (1982)

16) RHIZEHT - BB = - BB - R 3 2 AR
ot & BB RIT T BoORE, HAET

75, 30, 629~635 (1983)

17) Owura, H., Tononara, K., Waranasg, A., Imo, K.
and Kmura, S.: Flavor specificities of Satsuma
mandarin juice extracted by a new-type twin
screw press extraction system, Agric. Biol. Chem.,
46, 1385~1386 (1982)

18) TAKENAKA, M., Nanavama, K., Isose, S., Ozaki,
K. Mivact, K., Sumi, H.,, Toume, Y., MorINE, S. and
Onta, H.:
and quality of Citrus depressa
Technol. Res., 13, 281~285 (2007)

19) WHEYS - AHANE - KARRAT - KHEIEY @ BAR—
VEROWRIZE AT 0y 2 — (Brassica oleracea
var. italica) O &R FE, H &R E, 28, 81~86
(2002)

Effect of extraction method on yield

juice, Food Sci.

20) Sawamura, M., Oomsu, S. and Li Z.-F. :
Reduction of dehydroascorbic acid by sodim
hydrosulphide and liquid chromatographic

determination of vitamin C in citrus juices, J. Sci.
Food Agric., 53, 279~281 (1990)

21) HER7—=FAXRY ¥ ) A2 Map&H 0 BHOE BeaHili
- EEE R 2 ) (ERAL), pp. 32~38 (2006)
22) @HHAR M - B Rt - RESE S (B1E

#BE), p.273, 305 (1997)

23) KHIEHT - B H - B f— - FHAT | ke
FRmOBHFEAEL X OCIFRIREIRE Y » TRt
DT AN VR & ERERFIC KT, HA
PREkEE, 16, 59~63 (1990)

24) NocaTa, Y., Sakamoro, K., Smratsucnhr, H., Ismm,
T. Yano, M. and Onta, H.: Flavonoid composition
of fruit tissues of citrus species, Biosci. Biotechnol.
Biochem., 70, 178~192 (2006)

25) B3 - B - NEAESE - E - XA
7o - BT - AT EBER—ES - R PR
By —2 T x =Rt O - BRI KIS
B, HADREGRE A EE

CPRG204FE 7 H24 H2AF, “PH204E10H 8 H52HL)




Food Preservation Science VOL. 35 NO. 1 2009 [(Article) 11

Flavonoids in Sasa senanensis and
Their Antioxidative Activities
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Studies of the antioxidative constituents in Sasa senanensis resulted in the isolation of three flavonoid
glycosides from an ethyl acetate-soluble portion of a methanol extract. The structures were
characterized to be 6-C-z-L-arabinoside (1), luteolin 6-C-8-pD-glucoside (2) and luteolin 7-O-8-p-glucoside
(3) from spectral data. The antioxidative activities of these compounds were tested by DPPH and
superoxide radical scavenging activity assays, and luteolin 6-C-8-p-glucoside was shown to be the most
highly potential antioxidant; the activities of all three compounds were higher than those of quercetin.
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Plants in the Sasa genus are distributed only in
China, Korea and Japan, and eight species of this
genus grow in Japanese forests”. In Hokkaido, the
northern part of Japan, more than two thirds of its
area is forest, and nearly 90% of the understrory
vegetation of the forest is covered by three plants
in the Sasa genus. The most predominant species is
Sasa senanensis, covering about 50% of the forest”.
The amount of fresh S. senanensis is estimated at 67
million tons. Fresh leaves of species of the Sasa
genus have been used for food preservation, and
dried leaves are used as herbal teas; however their
utilization remains limited.

There of the
pharmacological effects of hot water extract of S.

have been systematic studies
albinomarnata (S. veitii), and antiulcer, antiinflammatory,
antiulcerogenic antitumor and other effects have
been reported” ™. Recently, the antioxidative activities
of a mixture of arabinoxylane and lignines in .
senanensis have been investigated”. Moreover, the
relation between the components of S. borealis and
their antioxidative activities was reported®.
Antioxidative activities are related the prevention
aging.

of many lifestyle-related diseases and

However, no flavonoids in S. senanensis have been
studied yet. Therefore, we studied flavonoids in S.
senanensis leaves and their antioxidative activities to
utilize this plant as a functional food and an

antioxidative agent.
Materials and Methods

1. Materials and chemicals

Leaves of S. senanensis were collected in Abashiri,
Hokkaido, Japan in 2004 and were cut into pieces
less than 1 X 1cm®. 1, 1-Diphenyl-2-picrylhydrazyl
(DPPH) was obtained from Tokyo Kasei (Tokyo).
Diethylenetriamine penta-acetic acid (DTPA) and 5,
5-dimethyl-1-pyrroline-N-oxide (DMPO) were obtained
from Labotec (Tokyo) . Xanthine
xanthine were obtained from Sigma ( Tokyo) .

oxidase and

Quercetin and other reagents were obtained from
Kishida Chemical (Tokyo).

2. General procedure

Ultraviolet-visible (UV-VIS) spectra, optical rotation
and melting points were measured using a
Shimadzu UV-1700 spectrometer, a JASCO P-2200
polarimeter and a Yamato FP 62 melting point
apparatus, respectively. Nuclear magnetic resonance

§ Corresponding author, E-mail : m1nishiz@bioindustry.nodai.ac.jp
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(NMR) spectra were recorded using a JEOL «-500
in DMSO-ds
resonance (ESR) spectra were measured using a
JEOL JES-FR 30 spectrometer. Mass spectra (MS)
were measured using a PerSeptive

spectrometer solution. Electron spin

Biosystems
Mariner mass spectrometer. The high-performance
liquid chromatography (HPLC) system used was
composed of a Shimadzu LC-10 AD pump, a

Shimadzu SPD-M 10 AVP photodiode array detector,

and a column of TSK gel ODS-80 Ts (4. 6mmn id.x 150
mn, TOSO). Preparative HPLC was performed on
the same system, using a column of TSK gel ODS-
80 T (21.5mm id.x 300mm, TOSO).
3. Extraction and isolation

The leaves (200 g) were extracted with methanol
(1¢) for 1 day at room temperature, 3 times.
Methanol was remove by evaporation in vacuo at
40C to obtain methanol extract (14.44 g ). The
in water (400mé) and
partitioned with petroleum ether, diethyl ether, and

extract was suspended

ethyl acetate successively to obtain a petroleum
ether-soluble portion (4.88 g ), an ether-soluble portion
(0.54 g ), an EtOAc-soluble portion (0.36g) and a
H,O-soluble portion (6.12 g ). Chlorophylls in the
methanol extract were completely removed from
the aqueous layer using the petr. ether and diethyl
ether partition.

The EtOAc-soluble portion (0.12 g /3m¢ MeOH) was
applied to a Sephadex LH-20 column (2 id.x90cm),
and the column was eluted with MeOH-H.O (60 :
40) .
divided into eight fractions (Frs.1~ 8) according to

The eluate was collected every 8 mé¢ and

the elution curve made by plotting their absorbance

at 350 nm. Frs.6 and 7 were further purified by
preparative HPLC using H.O : acetonitrile : MeOH :
formic acid =70 : 20 : 10 : 2 as the eluate. The
compound 2 (14.0mg) was obtained from Fr.6, and
the compounds 1 (5.8mg) and 3 (0.7mg) were
obtained from Fr. 7. HPLC that the
compound 4 (9.2mg) was the sole component of Fr.
8.

4. Luteolin 6-C-a-L-arabinoside (1)

showed

Yellow amorphous powder, [a]®»+66.0° (¢ =0.11,
CH:OH). mp>300° (dec.). UVAmx (MeOH) nm
(e) : 348 (22,100), 270 (17,600) and 258 (17,400). ESI
-TOF-MS m/z : 419(IM+H] "), HR-MS m/z : 419.1027
(Caled. for CwnHuOun, 419.0978). 'H- and “C-NMRs :
see Tables 1 and 2.

5. Luteolin 6-C-3-p-glucoside (2)

Yellow amorphous powder, [@]*,+30.7° (¢ =0.12,
CH:0H). mp 232° (dec.). UVAnx (MeOH) nm () :
348 (22,200), 270 (17,600) and 258 (17,400). ESI-TOF
-MS m/z : 448 ([M+H]"), HRMS m/z @ 449.1094
(Caled. for CuHuxOu, 449.1084). 'H- and “C-NMRs :
see Tables 1 and 2.

5. Luteolin 7-O-8-p-glucoside (3)

Yellow amorphous powder, [@]*-81.1° (¢ =0.10,
CH:0H). mp 261° (dec.). UVAnx (MeOH) nm (e) :
346 (20,500) and 270 (18,400). ESI-TOF-MS m/z : 448
([M+H]"), 287 [(aglycon+H)"], HR-MS m/z :
449.0976 (Calcd. for CoH,Ou, 449.1084). 'H- and “C-
NMRs: see Tables 1 and 2.

6. Tricin (4)

Yellow amorphous powder, UVAm:. (MeOH) nm
() 349 (41,000) and 269 (27,200). ESI-TOF-MS m/
z 0331 ([M+H]") : HR-MS m/z : 331.0837 (Calcd. for

Table 1 'H-NMR data
Position 1 2 3
3 6.62 (1H, s) 6.61 (1H, s) 6.72 (1H, s)
6 6.43 (1H, d, J=1.9 Hz)
8 6.48 (1H, s) 6.47 (1H, s) 6.77 (1H, d, J=1.9 Hz)
2’ 7.38 (1H, brd, J=1.8 Hz) 7.38 (1H, brd, J=2.4 Hz) 7.40 (1H, d, J=2.4 Hz)
5 6.89 (1H, d, J=8.5 Hz) 6.89 (1H, d, J=9.2 Hz) 6.89 (1H, d, J=8.2 Hz)
6" 7.40 (1H, d, J=1.8 Hz) 7.40 (1H, d, J=2.4 Hz) 7.43 (1H, dd, J=2.4, 8.2 Hz)
1”7 4.56 (1H, d, J=9.2 Hz) 4.62 (1H, d J=9.8 Hz) 5.06 (1H, d, J=7.3 Hz)
2”7 4.12 (1H t J=9.2 Hz) 4.01 (1H, dd, J=8.5, 9.8 Hz) 3.25 (1H, t, J=8.7 Hz)
3”7 3.41 (1H dd, J=3.1, 9.2 Hz) 3.23 (1H, t J=8.5 Hz) 3.30 (1H,t J=8.7 Hz)
4”7 3.77 (1H, m) 3.17 (1H, t, J=8.5, 9.2 Hz) 3.17 (1H, t, J=8.7 Hz)
57 3.80 (1H, dd, J=2.4, 11.6 Hz) 3.18 (1H, dd, 7 =4.9, 9.2 Hz) 3.44 (1H, brdd, J=5.8, 8.7 Hz)
3.55 (1H, d, J=11.6 Hz)

6" 3.68 (1H, brd, J=11.6 Hz) 3.70 (1H, d, 7=9.8 Hz)

3.45 (1H, dd, J=4.9, 11.6 Hz) 3.48 (1H, dd, J=5.8, 11.7 Hz)

Measured in DMSO-d; at 60C
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Table 2 "C-NMR data

Position 1 2 3
2 163.7 163.5 164.5
3 102.7 102.7 103.1
4 181.6 181.6 181.8
5 159.7 160.4 161.1
6 108.8 108. 6 99.5
7 162.8 162.9 162.9
8 93.7 93.4 94.7
9 156.1 156.0 156.9
10 103.3 103.3 105.3
1’ 121.3 121.4 121.2
27 113.2 113.2 113.5
37 145.6 145.6 145.8
4’ 149.5 149.5 150. 1
5’ 115.9 115.9 115.9
6’ 118.7 118.7 119.1
17 73.9 72.9 99.9
27 68.5 70.4 73.1
37 74.3 78.7 76.4
4”7 68.7 70.3 69.5
5”7 70.1 81.1 77.1
6” 61.3 60. 6

Measured in DMSO-d; at 60C

CuyHi50;, 331.0818). 'H-NMR dx (DMSO-ds) - 3.87 (6
H, s, O-Me), 6.17 (1 H, d, J=2.0 Hz, H-6), 6.53
(1 H d J=2.0Hz H-8), 6.96 (1 H, s, H-3), 7.31
(2H s, H-2",H-6"),13.00 (1 H, s, OH-5).
7 . Measurement of DPPH radical scavenging activity
The test samples for measuring DPPH radical
scavenging activity were prepared as follows: For
MeOH
equivalent to 50 mg dry leaf weight was dissolved

each portion of extract, an amount

in 100m¢é of MeOH. The fractions obtained by
Sephadex LH-20 column chromatography were used
in situ. For the isolated compounds and quercetin
(positive standard), 5-100 M solutions in MeOH
were prepared, and ICs was calculated. The sample
(1004¢) was added to 100x¢ of 0.5 mM DPPH in
ethanol. After the mixture was left to stand for 45
sec at room temperature, its ESR spectrum was
measured. Antioxidative activity was calculated by
comparing the strength of the DPPH radical signal
of the test sample with that of the control in
percentage.

8. Measurement of superoxide radical scavenging
activity
Superoxide activity was measured using a

xanthine-xantine oxidase system. The test sample
was prepared by the same methods used in the
DPPH radical scavenging activity measurement. To
the test sample (504¢), 504¢ of 5 mM hypoxanthine,
3544 of DTPA and 1540 of DMPO were added.
Superoxide radicals were generated with the
addition of 50¢¢ of xanthine oxidase (0.4 U/mé) to
the mixture. The mixture was left to stand for 40
sec at room temperature and its ESR spectrum was
measured. Antioxidative activity was calculated by
comparing of the strength of the DMPO-O,  adduct
superoxide radical signal of the test sample with
that of the control in percentage.

9. Results and Discussion
The antioxidative activities of all the portions

obtained from the MeOH extract of S. senanensis are

in Table 3. Both of the DPPH and

superoxide radical scavenging activities of the H.O-

shown

Table 3 Antioxidative activities of the portions and fractions obtained from the methanol extract of S. senanensis

Sample DPPH radical scavenging activity (%) Superoxide radical scavenging activity (%)
Petroleum ether 8.8x1.4 -
Diethyl ether 0.7+x2.1 1.6*+6.4
Water 67.3x2.5 30.6+3.0
Ethyl acetate 30.8+1.4 31.3+2.1

LH—-20 Fr.1 -
LH-20 Fr.2 1.7+0.2 -
LH-20 Fr.3 60.1=+1.3 25.9%0.7
LH—-20 Fr.4 4.5+1.2 13.3%+2.3
LH-20 Fr.5 52.0+2.5 40.0£3.0
LH-20 Fr.6 73.7x1.9 42.4+1.1
LH-20 Fr.7 79.7x2.5 53.8x1.1
LH-20 Fr.8 -

The negative control of radical scavenging activity is 0 %.

Scavenging rate (%) represents the mean=*standard error of three experiments.

* I no activity
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and EtOAc-soluble portions were higher than those
of the other portions. The DPPH radical scavenging
activities of the H,O- and EtOAc-soluble portions
were 67.3% and 30.8%, and the superoxide radical
and EtOAc-soluble
portions were 30.6% and 31.3%, respectively. The
in the H.O-soluble
portion, but many compound flavonoids were
detected in the HPLC of the EtOAc-soluble portion.
EtOAC-soluble

scavenging activities of H,O-

strongest activity was found

Therefore, the components of the
portion were further investigated.

The antioxidative activities of the eight fractions
obtained by Sephadex LH-20 column chromatography
of the EtOAc-soluble portions are shown in Table
3. Both the DPPH and superoxide radical scavenging
activities were found in Frs.3, 5, 6 and 7. Among
these fractions, Frs.6 and 7 showed strong activities
by both methods; thus, these fractions were further
purified using preparative HPLC to obtain 2 from
Fr.6 and 1 and 3 from Fr.7.

1 showed an absorption maximum at 348, 270 and
258 nm in the UV-VIS spectrum. In the 'H-NMR
spectrum, the signals of a 1, 3, 4-substituted
benzene ring at ¢ 7.40 (dd, J =1.8, 8.5 Hz), 7.38
(d, 7=1.8 Hz) and 6.89 (d, J =8.5 Hz) and two
singlets at § 6.62 and 6.48 were observed (Table
1). These results indicate that the aglycon of 1 is
determined

CaHisO0s .
luteolin C-

luteolin. The molecular formula of 1
HR-ESI-MS
1 was assumed to be a

from the spectrum  was
Therefore,
pentoside. This assumption was supported by the
results that no fragment ion peak was observed in
the ESI-MS spectrum, and that an anomeric proton
was observed at § 4.56. The COSY, HMQC and
HMBC spectra confirmed the presence of luteolin as
aglycon, and the attachment of a pentopyranoside to
the C-6 position of luteolin. The coupling constants
of sugar protons were determined to be J..=9.4 Hz,
J,3=9.2 Hz, J;,=3.1 Hz, J,;=2.4 Hz and J;> =11.6
Hz. Among all the conformations and configurations
of four possible pentopyranosides, L-¢-arabinoside
was shown to be the only explainable structure ;
this assumption was supported [e]o (+ 66.6° ).
Therefore, the structure of 1 was determined to be
luteolin 6-C-a-L-arabinoside. The NMR data mentioned
above were measured at 60C, and the broadening
of the 'H-NMR
spectrum measured at 30C, particularly that of the
C.-H These

presence of rotatory isomers around an anomeric

signals was observed in the

of arabinose. results indicate the

bond, and these phenomena are characteristic of C-
glycosides”.

YooN et al.” isolated luteolin 6-C-a-L-arabinoside
EtOAc-soluble
However, no clear evidence of 6-C-a-L-arabinoside
was shown, and the 'H- and “"C-NMR data were
ambiguous. Physical constant and NMR data were

from the portion of S. borealis.

determined in this study for the first time.

The UV-VIS spectrum and the aromatic proton
region of the 'H-NMR spectrum of 2 resembled
those of 1 (Table 1). The molecular formula of 2
was determined to be C.HxOn from the HR-ESI-MS
spectrum, and seven protons were observed in the
region of the 'H-NMR
including the anomeric proton at 8 4.62 (d, J =9.7

sugar proton spectrum,
Hz). Therefore, 2 was assumed to be a luteolin C-
COSY, HMQC and HMBC

spectra indicated that a hexose is attached to the C

hexopyranoside. The

-6 of luteolin. The coupling constants of sugar
protons implied the presence of A-p-glucose. The
structure of 2 was characterized to be luteolin 6-C-
B-D-glucoside by comparison of its spectral data with
those in the literature'.

The UV-VIS spectrum of 3 also implied the
but the 'H-NMR spectrum
showed three singlets in the aromatic proton region
(Table 1). The
determined to be CuHxO:., and a fragment ion peak

presence of luteolin,

molecular formula of 3 was
at m/z 287 was observed in the ESI-MS spectrum.
The anomeric proton was observed at 8 5.06 (d, J
=7.3 Hz) along with six other sugar protons.
Therefore, 3 was assumed to be a luteolin O-
glycoside. The NMR spectra implied the presence of
B-D-glucose, and 3 was characterized as luteolin 7-O-
B-D-glucopyranoside comparing it spectral and
physical data with those in the literature™.

Along with the above-mentioned compound, tricin
(4) was isolated from Fr.8, and its structure was
confirmed by comparing its spectral data with those
in the literature™ ",

The DPPH and superoxide
activities of four isolated compounds (1-4) and
quercetin are shown in Table 4.The ICs; of the
DPPH radical scavenging activity of 2 (33.3 M)
was lower, and those of 1 and 3 were higher
than that of quecetin (38.5 #M). The ICs of the

superoxide radical scavenging activity of 2 (17.8

radical scavenging

#M) was also lower, and those of 1 and 3 were
higher than that of quercetin (18.9 x#M). Tricin was

reported to inhibit lipid oxidation'”, but it has no



(Article) Flavonoids in Sasa senanensis 15

OH

OH

OH 0]

1:R= H, Ry, = a-L-arabinose
2:Ry= H, Ry =/ -p-glucose
3 : Ry= fg-p-glucose, Ro= H

OMe

HO O
OMe

OH 0]

4

Fig.1 Structuresof1—4

Table 4 Antioxidant activities of compounds isolated
from S. senanensis

DPPH radical Superoxide radical

Compound  scavenging activity  scavenging activity
[IC.(«M)] [IC.,(«M)]
1 49.0+3.9 23.3%1.0
2 33.3%x0.9 17.8+1.0
3 55.0+2.4 38.0+1.6
4 >1000 >200
Quercetin 38.5%0.2 18.9%0.8

ICsy represents the mean * standard error of three

experiments.

DPPH nor superoxide radical scavenging activity.
Rice-Evans et al.” and Cao et al.” studied the
relation between the antioxidative activities and
and concluded that the
hydroxyl groups in the C-3° and C-4" of the B ring

structure of flavonoids,

are essential for the antioxidative activity of
flavonoid, and that the double bond at C-2 and C-3
and the hydroxyl groups at C-3 and C-5 enhance
the activity.

The aglycon of 1-3 is luteolin, and the hydroxyl
group at C-3 is absent in comparison with quercetin.
DPPH and
scavenging activities of 2 are significantly higher

However, the superoxide radical
than those of quercetin. The position of the C-
glycosidation of 2 is the same as that of 1, but
the activities of 2 are significantly higher than those
of 1, and the activities of 3, which is the O-
glycoside of luteolin, are also lower than those of C-
These imply  that the

antioxidative activities of flavonoid glycosides depend

glycosides. results
on the kind of sugar, and also on the difference
between C- and O-glycosides.

Our studies of the antioxidative constituents of S.
senanesis leaves revealed the presence of two
luteolin C-glycosides and one luteolin O-glucoside.
Among them, luteolin 6-C-8-p-glucoside (2) was shown
to be a more potent antioxidant than quercetin.

The above-mentioned flavonoids are shown to be
active constituents responsible for the antioxidative
characteristics of S. senanainsis. We consider our
results to be fundamental data for the utilization of

S. senanensis in the food industry.
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Development of Softdrink Using Purple Potato ‘Shadow Queen’

Myopa Takao*'¥, Nacar Takeshi*!, Tsukamoro Atsushi*?,
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* 1 Department of Food Science and Technology, Faculty of Bioindustry, Tokyo University of Agriculture,
196, Yasaka, Abashiri-shi, Hokkaido 099-2493
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* 3 Memuro Upland Farming Research Station, National Agricultural Research Center for Hokkaido Region,
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The development of a softdrink using a purple potato ‘Shadow Queen’ was investigated. Purple
potato juice was efficiently obtained by 0.1% amylase and pectinase decomposition of a mixture of 1
volume of steamed potatoes with 4 volumes of water. The juice contained a large amount of reducing
sugars and some oligosaccharides. Sugar and acid were added to the juice was performed to adjust
taste, flavor, and color stability. As a result, a juice with a good taste and flavor was obtained when
its composition was adjusted to Brix 8 and its sugar/acid ratio to 19. Moreover, the purple color of
the juice was almost unchanged by heat treatment at 80C for 30 min for sterilization. The present

study revealed the feasibility of developing a novel softdrink made from purple potatoes.

(Received Jul. 23, 2008 ; Accepted Oct. 27, 2008)

Key words : Anthocyanin, Oligosaccharides, Purple potato ‘Shadow Queen’, Saccharification, Softdrink
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6. INEBFEICX T ZRBOBREIL

WM TS CTRBE L2808 %2, 80 %\ 13100T

(WK ) T30 MmE L, RIEMICEFE 7~ b
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1. FaEHEOERICL S ELEEORKREH
RSB A DK E MR, EF WA AALRY
FF—E¥GE L S TRHM P52 WE) L7z,
ZORER, CAFA LADRMEBAIEM T 5 162
mBLORICHER L DEML, 7 7 O5HIMEE S
N5 EHRMBENT (Table 1o 0.3% Y F ¥ 1 LA-
0.1%X 27 FF—BGUH L 72354, kw3, 16mg/100
mé, FEICHEEIZ1.42mg/100me & 72 1), AhEEIZ o 5%
TOHE R DOE 1344, 9% E KT - 720 FEHEKIE, &£
BRI D 7NV I — A B LIV b —AH 8 EH L%
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IV IRV I F =R B EOF ) THEX12~19%E T
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Table 1 Effects of enzymes on saccharification of starch in tubers of Shadow Queen
Enzymes (%) Total Reducing  Reducing sugar Sugar composition (%)
Biozyme  Pectinase sugar sugar /Total sugar Malto- Malto- Malto-
A G (mg/100m¢)  (mg/100mé) (%) Glucose  Maltose triose  tetraose pentaose
0.01 0.01 1.64 0.60 36.6 83.9 0.0 4.4 3.5 4.4
0.05 2.21 0.69 31.2 83.1 0.0 3.5 3.0 5.8
0.10 2.02 0.67 33.2 84.1 0.0 4.0 3.5 7.1
0.05 0.01 2.38 0.73 30.7 71.9 9.2 4.0 3.2 7.9
0.05 2.78 0.83 29.9 74.1 9.2 3.2 2.8 6.3
0.10 2.80 0.90 32.1 71.9 9.2 3.8 3.5 7.9
0.10 0.01 2.66 0.91 34.2 67.5 15.9 8.6 2.9 5.7
0.05 2.60 0.96 36.9 70.5 10.9 7.7 5.1 6.4
0.10 2.73 1.18 43.2 71.3 10. 8 6.6 3.3 6.6
0.30 0.01 2.74 1.21 44.2 70.6 11.4 7.4 3.0 6.5
0.05 3.08 1.31 42.5 68. 3 15.8 10.2 5.9 0.0
0.10 3.16 1.42 44.9 68.8 16.7 7.8 5.7 0.0
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Taste

Fig. 1
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(&)

. Brix,
. Brix,
. Brix,
. Brix,

8 and sugar/acid ratio, 17,
8 and sugar/acid ratio, 20 ,
10 and sugar/acid ratio, 17 ;
10 and sugar/acid ratio, 20 ;

(
(
(
(

Table 2 Effects of sugar/acid ratio on color tone
of softdrinks made from Shadow Queen

. Sugar/acid Color value
Brix .
ratio L* a* b*
8 17 76.16  26.66  —5.97
19 78.67  23.61  —5.35
10 17 774 36.04  —8.17
19 73.90 3498 —8.56

Table 3 Effects of heat treatment on color tone of
softdrink made from Shadow Queen

Temperature  Time Color value

(T) (min) L* a* b*
80 0 87.54 20. 90 -5.70
5 88.10 19.50 —5.03
10 88. 34 18. 80 —4.56
20 88.50 19.92 —4.21
30 88.72 17.62 —-3.89
100 87.54 20. 90 —=5.70
88.40 18.18 —3.86
10 88.21 15.48 —2.52
20 90.21 15.56 —-2.12
30 91.12 13. 36 —1.02

Flavor

Sensory evaluation of softdrinks made from Shadow Queen

o)
o)
)
O)

. Brix, 8 and sugar/acid ratio, 19 ;

. Brix, 8 and sugar/acid ratio, 21 ;
. Brix, 10 and sugar/acid ratio, 19 ;

. Brix, 10 and sugar/acid ratio, 21.
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Fig.2 Anthocyanin content of softdrink after heat
treatment
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#7572 (Table 4),

Table 4 Physicochemical properties of softdrink made
from Shadow Queen

Property

Brix 8.0
pH 3.4
Total sugar (%) 7.0
Reducing sugar (%) 0.5
Acidity (m¢/100mé) * 0.42
Sugar/acid ratio 19.0
Anthocyanin (mg/100mé) 155.6
Color values L* 68. 4

a” 42.4

b* —-21.8

% Acidity as citric acid.
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Packaging and Storage of Soft-ripened ‘Saijo’ Persimmons
(Diospyros kaki Thunb.) for Improving Sales

*1§

AKAURA Kazuyuki*"” and ITamura Hiroyuki*?

% 1  Matsue College, University of Shimane, 7-24-2, Hamanogi, Matsue-shi, Shimane 690—0044
% 2 Faculty of Life and Environmental Science, Shimane University,

1060, Nishikawatsu-cho, Matsue 690—-8504

The effects of temperature and packaging on the storage life of soft-ripened ¢Saijo’ persimmons
(Diospyros kaki Thunb.) were studied. After storage of several weeks at 0 C, ‘Saijo’ persimmons were
treated with ethylene to obtain soft-ripened persimmons. A new criterion was adopted to categorize
the firmness of soft-ripened persimmons. The storage lives of soft-ripened ‘Saijo’ persimmons were 2,
6 and more than 10 days at 20, 10 and 5 C, respectively. Packaging in a perforated polyethylene
film bag and vacuum packaging of individual persimmons extended the storage life up to 20 days at
5 C. Vacuum packaging induced infiltration of liquid in the central vascular bundle of the fruit. The
persimmons with liquid infiltration, however, did not have an off-flavor. The length of cold storage of
harvested persimmons prior to ethylene treatment practically did not affect the storage life of soft-
ripened persimmons. The combination of cold storage prior to ethylene treatment and packaging of
soft-ripened persimmons enables uninterrupted supply of soft-ripened persimmons until the end of the

year.

(Received Jul. 23, 2008 ; Accepted Dec. 8, 2008)

Key words : ethylene treatment, packaging, ‘Saijo’ persimmon, soft-ripened persimmon, storage
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Soft-ripened ‘Saijo’ persimmons have very soft,
flesh. The
characteristics of the flesh of soft-ripened persimmons

juicy and jellylike unique textural
have drawn attention these days. Some restaurant
owners have shown interest in soft-ripened persimmons
and have started having the fruit shipped to their
premises. AKAURA et al. established a procedure for
obtaining many soft-ripened ¢Saijo’ persimmons by
cold storage and ethylene treatment of the harvested
fruit”.

Cold storage and packaging of fruit in a plastic
film bag is effective for extending the storability of
on-tree alcohol-treated ‘Hiratanenashi’ persimmons” .
ITAMURA et al. reported that the combination of
packaging and cold storage of ‘Saijo’ persimmons
treated with their

firmness for 46 days’. However, the storability of

carbon dioxide maintained
soft-ripened ‘Saijo’ persimmons has not yet been
determined.

In this study, we investigated the effect of

temperature, packaging and cold storage length

prior to ethylene treatment on the storability of soft

A E S, Bl S

-ripened ‘Saijo’ persimmons. We proposed a procedure

that enables long-term supply of soft-ripened

persimmons, combining cold storage prior to
ethylene treatment, individual packaging and cold

storage of soft-ripened persimmons.
Materials and Methods

Experiment 1. Effect of temperature on storage life
of soft-ripened ‘Saijo’ persimmons

‘Saijo’ persimmons were harvested at commercial
maturity late in October in Matsue, Japan. Eight
persimmons were sealed in a 26 X 38cni polyethylene
film bag of 0.08mm thickness and stored for 4
weeks at 0 C. Immediately after the end of the
storage, a 300mm long cut was made in each bags
for ventilation. The bags containing the persimmons
were left to stand at room temperature for 6
hours.

Twelve persimmons were treated with 100 ppm
ethylene in a sealed plastic container (capacity @ 9
L) for 48 hours at 20C. After the treatment, six
persimmons were transferred to stainless containers

§ Corresponding author, E-mail : akaurak@swc.ac.jp



24 Food Preservation Science VOL. 35 NO.1 2009

(265 %153 x 84mn) that had a polyethylene cover (390
cii area) with a perforation of ¢ 5mm. The containers

were kept at 20C for 4 days to soft-ripen the fruit.

The six soft-ripened persimmons were stored at 20,
10 or 5C in the stainless container that had a
perforated polyethylene cover.

The firmness of softripened persimmons was
observedby the naked eye and categorized by the
following criterion. The calyx and fruit tissues near
the calyx were cut off. Then the fruit was cut in
half longitudinally. An edge formed by meeting of
the axial surface and the sagittal surface was
closely examined. A persimmon with a sharp edge
was categorized as suitably soft, while a persimmon
with collapsed edge was categorized as over-soft.
The firmness of eight randomly chosen persimmons
was observed every two days.

Experiment 2. Effect of individual packaging on
storage life of soft-ripened ‘Saijo’ persimmons

‘Saijo’ persimmons were harvested at commercial
maturity from late in October in Matsue, Japan and
stored for 3 weeks at 0 C. The persimmons were
treated with
Experiment 1.

ethylene and softripened as in

Each soft-ripened persimmon was packaged in a
23 X 11.9cni polyethylene film bag of 0.08mm thickness
that had two perforations of ¢ 5 mm. In each perforated
polyethylene film bag, the persimmon was arranged
so that either the calyx or fruit apex was close to
the perforations. Six soft-ripened persimmons were
put in a stainless container (265 % 153 x 84mi) that
had a polyethylene cover with a perforation of ¢5
mm. The ratios of perforation area to total surface
area for the polyethylene film bag and the covered
container were 0.07 and 0.014%, respectively. The
firmness of eight randomly chosen persimmons was
examined every two days and categorized as
described in Experiment 1.
Experiment 3. Effect of individual packaging in
perforated bags and vacuum packaging on storage
life of soft-ripened ‘Saijo’ persimmons

‘Saijo’ persimmons were harvested at commercial
maturity from late in October in Matsue, Japan and
stored for 4 weeks at 0 C. The persimmons were
treated with
Experiment 1.

ethylene and softripened as in

Each soft-ripened persimmon was either packaged
in a 23x11.9cni polyethylene film bag of 0.08mm
thickness that had two perforations of ¢5 mm or
vacuum packaged in a 23X 11.9cni polyethylene film

Fig. 1
in a polyethylene bag with the calyx near perforations

Persimmons are vacuum packaged (left), packaged

(center) and in a polyethylene bag with the fruit apex near
perforations (right)

Arrows indicate perforations.

bag of 0.08 mm thickness. In each perforated
polyethylene film bag, the persimmon was arranged
so that either the calyx or fruit apex was close to
the perforations (Fig.1). The firmness of eight
randomly chosen persimmons was examined every
two days and categorized as described in
Also, the
central vascular bundle of fruit was observed.

Experiment 4. Effect of storage length prior to
ethylene treatment on storage life of packaged

soft-ripened ‘Saijo’ persimmons

Experiment 1. infiltration of liquid in

‘Saijo’ persimmons were harvested at commercial
maturity late in October in Matsue, Japan and
stored for 2 or 4 weeks at 0 C as in Experiment
1. The persimmons were treated with ethylene and
soft-ripened as in Experiment 1.

Each soft-ripened persimmon was packaged as in
Experiment 2. The firmness of eight randomly
chosen persimmons was examined every two days

and categorized as in Experiment 1.
Results

Experiment 1

A persimmon with a collapsed edge is categorized
as over-soft, and hence does not have marketing
quality. In this study, the storage life of soft-ripened
persimmons was defined as the maximum period for
which a persimmon with a collapsed edge did not
appear. The storage lives of soft-ripened persimmons
were 2, 6 and more than 10 days at 20, 10 and
5C, respectively (Fig.2). The use of a lower
temperature extended the storage life of soft-ripened
‘Saijo’ persimmons.
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Table 1 Effect of individual packaging on storage life
_e— 20T of soft-ripened ‘Saijo’ persimmons
100 - —O— 10T A R ; ]
_m 5C packaging storage life (days)?*
& %0 perforated bag® 20
= unpackaged® 22
—
:; 7 :the storage life of a soft-ripened persimmon was defined
o 60 - B . . . . .
7] as the maximum period for which a persimmon with a
—
L collapsed edge did not appear.
‘*2 40 F N Y :a persimmon was packaged in a polyethylene film bag
o so that the fruit apex was close to the perforations.
= X :six persimmons were put in a container that had a
M2 . . .
polyethylene cover with a perforation.
0 ] ] B

2 4 6 8 10
Storage period (days)
Fig.2 Effect of temperature on storage life of soft-ripened
‘Saijo’ persimmons

Six soft-ripened persimmons were stored at 20, 10 or 5C in a
stainless container that had a perforated polyethylene cover.

Experiment 2

The storage life of soft-ripened persimmons at
5 C packaged in perforated polyethylene film bags
in which the persimmon was arranged so that the
fruit apex was close to the perforations was 20
days. The storage life of soft-ripened persimmons
kept in perforated containers was 22 days(Table 1).
Experiment 3

The storage life of soft-ripened persimmons
packaged in perforated polyethylene film bags in
which the persimmon was arranged so that fruit
apex was close to the perforations was 20 days at
5C. The storage life of soft-ripened persimmons
packaged in perforated polyethylene film bags in
which the persimmon was arranged so that the
calyx of the fruit was close to the perforations and
that of vacuum packaged persimmon were 22 days
(Table 2).

Vacuum packaging induced infiltration of liquid in
the central vascular bundle of fruit on the 20th day
(Table 2). The persimmons with liquid infiltration,
however, did not have an off-flavor.

Experiment 4

The storage lives at 5C of the soft-ripened
persimmons made from persimmons stored at 0 C
for two weeks and four weeks prior to ethylene
treatment were 24 and 22 days, respectively (Table
3).

Table 2 Effect of packaging on storage life and liquid
infiltration in central vascular bundle of soft-ripened
‘Saijo’ persimmons

storage life at 5C  liquid infiltration

ackagin )

packaging (days) (%)*
perforated bag 1V 22 0
perforated bag 2* 20 0

vacuum packaged 22 100**V

7Z . percentage of persimmons that had liquid infiltration in
central vascular bundle. Persimmons were stored for 20
days at 5C.

Y : a persimmon was packaged in a polyethylene film bag
so that the fruit apex was close to the perforations.

X :a persimmon was packaged in a polyethylene film bag
so that the calyx was close to the perforations.

W : **indicates that ratios are significantly different at the
1% level by the Kruskal-Wallis test.

Table 3 Effect of storage length at 0 C prior to
ethylene treatment on storage life of soft-ripened
‘Saijo’ persimmons

length of storage at ratio of over-soft persimmons (%)

0cC 22 days” 24 days
2 weeks 0 0
4 weeks 0 50*%

7Z :a persimmon was packaged in a polyethylene film bag
so that the fruit apex was close to the perforations and
stored at 5 C.

X : *indicates that ratios are significantly different at the
5% level by Mann-Whitney’s U test.

Discussion

Softening degrees are widely used criteria for
categorizing the firmness of softening persimmons® ~™?.
According to the criteria proposed by IwaTA et al.”, all
soft-ripened persimmons in this study were categorized
as degree four, that is, the soft-ripened persimmons

were very soft and entirely translucent. Changes in
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the firmness of the soft-ripened persimmons would
detectable
necessary to adopt a new criterion to categorize the

not be using the criteria. It was
firmness of soft-ripened persimmons. The new criterion
was proposed in consideration of the practical
aspect of preparation of soft-ripened persimmons in
restaurants. We assume that the soft-ripened
persimmons, whose calyx and tissues near the calyx
were cut off are to be cut in half longitudinally”.
Cutting off the calyx and tissues near the calyx
facilitates scooping of the soft flesh. The firmness of
the fruit flesh near the calyx is a determining
factor of the firmness of cut persimmons.
Soft-ripened persimmons stored in containers need
repacking for shipping. Soft-ripened persimmons

seem to soften during storage”. Handling of
unpackaged soft-ripened persimmons for a longer
term results in a greater risk of injury to the peel
In consideration of the risk during repacking of the
soft-ripened persimmon, storage using individual
packaging is better than storage in containers.

Soft-ripened persimmons rapidly lost their firmness
at 20C (Fig.2). A period of two days is considered
too short for shipping and storage of the
persimmons prior to consumption. The storage life
of the fruit was 6 days at 10C. The average
monthly temperature in November in Matsue is
about 10C. It is often observed that naturally soft-
ripened persimmons maintain adequate firmness in
cool places. This observation coincides well with the
result in Fig.2. Soft-ripened persimmons maintained
their firmness for more than 10 days at 5 C. Ten
days seems to be sufficient for shipping and storage
of the persimmons prior to consumption.

The storage life of individually packaged soft-
at 5C was 20 days. The

fruit

ripened persimmons
of the
containers was 22 days(Table 1). From the practical

storage life stored in perforated

standpoint, the difference between these storage
lives is unimportant. A storage life of 20 days at
5T is satisfactorily long for shipping and storage
of soft-ripened ‘Saijo’ persimmonsprior to consumption.

When the
packaged in a

long ovoid ‘Saijo’ persimmon was

perforated slender bag, the
perforations were close to either the calyx or the
apex of the fruit. The storage life of the soft-
ripened persimmons packaged in the perforated
polyethylene film bags in which each persimmon
was arranged so that fruit apex was close to the

perforations was 20 days at 5C. The storage life

of the fruit packaged in the perforated polyethylene
film bags in which each persimmon was arranged
so that the calyx of the fruit was close to the
perforations was 22 days (Table 2). A period of
twenty days is considered to be sufficiently long for
shipping and storage of softripened ¢ Saijo’
persimmons prior to consumption. The difference in
the location of the perforations in the polyethylene
film bags practically did not affect the storage life
of the fruit.

packaged persimmons was 22 days. Compared with

The storage life of the vacuum
the individual packaging in perforated bags, vacuum
packaging practically did not affect the storage life
of soft-ripened persimmons. The liquid infiltration
seemed to be induced by the anaerobic condition in
the vacuum packages.

lives at 5C of the
persimmons made from persimmons stored at 0 C

The storage soft-ripened
for two weeks and four weeks prior to ethylene
treatment were 24 and 22 days, respectively (Table
3). Although the storage life was longer by two
days for the soft-ripened persimmons made from
persimmons stored at 0 C for two weeks than for
the fruit stored for four weeks, the difference was
practically unimportant. As repeatedly mentioned
above, a storage life of more than 20 days at 5C
is considered to be satisfactorily long for shipping
and storage of soft-ripened ‘Saijo’ persimmons prior
to consumption.

The advantages of individual packaging of the
soft-ripened persimmons in polyethylene film bags
are that the film protects very soft persimmon peel
from sustaining injuries during handling and the
packaged persimmons in small bags are easy to
handle. The individual packaging also prevents the
soft-ripened persimmons from being crushed in a
container during transportation. The packaged
persimmons were packed in a container so that
each persimmon stood on end with its calyx at the
bottom (Fig.3). We found no crushing of transported
soft-ripened persimmon packed in a container by
the above method (data not shown). Individual
packaging seemed to be effective for handling and
transportation of soft-ripened ¢ Saijo’ persimmons.
Although the individual
the higher

persimmons would compensate for the cost of the

packaging is generally

expensive, price of the soft-ripened

individual packaging, particularly in December when

the softripened ¢ Saijo> persimmons are not

commonly supplied.
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Fig.3 Vacuum packaged persimmons are packed in a
container made of Styrofoam

Each persimmon stands on end with its calyx at the bottom.

AxAURA reported that there was a positive

correlation between storage length of ¢ Saijo’
persimmons at 0 C prior to ethylene treatment and
fruit cracking ratio of soft ripening persimmons’.
The estimated fruit cracking ratios for persimmons
stored at 0C for two, three and four weeks are
2.4%, 7.8% and 13.1%, The fruit

cracking ratio less than 10% is considered to be

respectively.

acceptable, hence the longest storage period at 0 C
is three weeks.

¢Saijo’ persimmons completely soft-ripen in 6
days at 20C". At least seven days of storage at
0 C prior to ethylene treatment are necessary for
all treated persimmons to soft ripen concurrently.
The harvest of ‘Saijo’ persimmon usually begins in
mid October

shipping time for soft-ripened ‘Saijo’ persimmon is

in Matsue. Therefore, the earliest
the end of October. The combination of storage for
three weeks at 0 C prior to ethylene treatment
and storage of packaged soft-ripened persimmons

for 20 days at 5 C enables uninterrupted supply of

\ October | November | December |

early harvest (Oct.15)
———»(0ct28)¥

late harvest (Nov.10)
|

——» (Nov.23)Y

period of available supplies
(Oct28A°=~Dec.27)

» (Dec.1)?

(Dec.27)

Fig.4 Period of available supplies of soft-ripened ‘Saijo’
persimmons

Z : The latest shipping time is 47 days after harvest ; twenty-one
days for storage at 0 C, six days for soft ripening and twenty
days for storage at 5 C.

Y : The earliest shipping time is 13 days after harvest; seven
days for storage at 0 C and six days for soft ripening.

soft-ripened persimmons until the end of the year
(Fig4).
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