-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Okayama University Scientific Achievement Repository

1% CJIRRAT RIEDGEP O RMFILHR O
R FEW & Bl k5t o B 5

LT S SRRV
(i A 27 2 — 2 )

Mechanism Clarification and Development of Preventive Techniques
in Postharvest Rapid Softening of ‘Tonewase’
Japanese Persimmon Fruit

Akitsugu Inaba
(Course of Applied Plant Science)

EILAZRFIMFEMES Vol 96, 71-77 (2007) R

Reprinted from THE ScIENTIFIC REPORTS OF THE FACULTY OF AGRICULTURE
Okavama UNiversiTy Vol. 96, 71-77 (2007)


https://core.ac.uk/display/12546206?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

FEILKZRFEHZNE®E  Vol. 96, 71-77 (2007)

RN

¥ IR REOGMETHO
PRILBIR D R TE] &
B 1435 0 Bl 7

LT S AR
(i e Bl 3 — 2 )

Mechanism Clarification and Development
of Preventive Techniques in Postharvest
Rapid Softening of ‘Tonewase’ Japanese

Persimmon Fruit

Akitsugu Inaba
(Course of Applied Plant Science)

Field grown ‘Tonewase’ Japanese persimmon had been
cultivated as a leading persimmon variety in Wakayama
Prefecture without any problem until 1993. Thereafter,
however, a rapid fruit softening during postharvest distri-
bution occurred and its rate increased every year coinciding
with retardation of the temperature decrease in September
which is the ripening season for the fruit. This produced a
serious loss to the Prefecture. We clarified the mechanism
of this fruit softening and developed a completely suppress-
ible technique based on that mechanism.

In ‘Tonewase’ persimmon fruit, water stress acted as a
primary signal that triggered stress-ethylene production in
the tissue of calyx through stimulating the expression of one
of the ACC synthase genes, DK-ACS2, a stress responsible
ethylene biosynthetic gene. This ethylene diffused into pulp
tissue of the fruit, where transcription of DK-ACSI for
ripening-ethylene production was activaled through a posi-
tive feedback system, which in turn caused rapid fruit
softening.

This fruit softening derived from stress-ethylene was
completely suppressed by packaging the fruit in perforated
polyethylene bags or by using carton boxes laminated with
a thin layer of plastic film. These techniques that alleviated
water loss from fruit completely solved the rapid softening
problem during postharvest distribution in ‘Tonewase’
fruit.

Key words : Japanese persimmon, fruit softening, ethylene
biosynthesis, water stress
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Table 1 Classification of fruit based on ripening characteristics

Postharvest Respiration Rate of ethylene Fruit
ripening D production (nL/g/h)
100> Mume, Apricot, Chinese pear, Passion fruit, Sapote, Cherimoya,
Kiwifruit
L. . . Apple, Plum, Peach, Nectarine European pear, Avocado, Papaya,
Ripening type Climacteric type 10-100 pp P P v pay
Feijoa
1-10 Banana, Mango, Japanese persimmon, Fig, Melon, Tomato, Japanese
pear (Kousui, Kikusui)
Japanese pear (Nijisseiki, Housui, Niitaka) , Olive, Pineapple,
0.1-1.0
o ) ) Blueberry, Watermelon
Non-ripening type | Non-climacteric type - -
0.1< Grape, Citrus fruits, Cherry, Strawberry, Squash, Cucumber,
’ Eggplant
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Methionine (Met)

v

S-Adenosylmethionine
(SAM)

ACC synthase

DK-ACS] (ripening type) —BrFruit ripening/Flower senescence
DK-ACS2 (stress type)

P Stress
DK-ACS3 (auxin type) —®Auxin (high concn) l

(ACS)
1-aminocyclopropane-1-carboxylate
(ACC)
DK-ACO1
ACC oxidase — DK-ACO2
(ACO) DK-ACO3

|
*/ Ethylene action inhibitor H
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Expression factors for ACS genes

A Wounding, bruising, touching,
H chemical damage, water logging,
E drying, water loss

____________________________

1-MCP

Ethylene receptor DK-ETRI
(ETRD) DE"ERS
: A
v i
Transcription factor . - - -
(EIN3) . Feedback regulation of ethylene biosynthesis
* , Positive feedback : ACS (ripening type), ACO
Genome DNA , Negative feedback : ACS (wounding and auxin types)

v

Physiological + Induction and progress of ripening (color development, starch
events degradiation, aroma development, flesh softening)
DNA * Flower senescence v
* Triple response .

V p P Desassembly of cell wall polysaccharides
mRNA -

Polygalacturonase (PG), Pectinesterase,

Enzymes Cellulase, Endoglucanase, Expansin

Fig. 1

Concepts of biosynthesis, signal transduction and feedback regulation system of ethylene in higher plants.
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FAREEIZ 2 5 F T EAERITF L v 2 AR L 72\,
ZIT, “FEE OFERET W THIRED L Oh s
mRNA #Hith L/ = i ai7-72. Z0FE%E, ACS
& LTCIE DK-ACSI OANFEBLTHB Y, DK-ACS2 ®
FHIIR SN h o7z, kIZ, IGEHD 1 BT ERoR
RRMEIE O PR RFE (9H 2 HIUE) 1 LT
TOuELy (mFL o7 Far) e G S e
#iTofz. 7R L VEIZRS LT 1 HEICIE DK-
ACS1 OFRNSEBFEM L 5N 7275, DK-ACS2 O5$H
355 72, —HEEME T, 9 BRI DK-ACS2
DFEWMPA LN, O3 EIL 1 -MCP OFILEIZ L -
THME I N DD D - 72, TS DFERE, S H F T,
DK-ACS1 3371 V25 L TH Y, DK-ACS2
3HE (A MLRA) KNETLERTTh D Lty
HIENWTER, INLOFREEE AT, TIREAE
DM aATo728 25, R 2 HIZIZ DK-ACSI &
DK-ACS2 OWi i & i FEH L Twiz, ZDZ i,
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Bohiz. ZoHROWLH TIREA OftEF O HAOANLVANESLTEY, TOAMLVALTL N
‘Tonewase’ ‘Hiratanenashi’
Harvest at Harvest one month earlier stage Over ripe
commercial fruit
maturity Propylene Wounding rut
. R . .
e ¢ (P
T R
0 1 2 4 0 1 3 0 9 1-MCP
+
Days after Days after 9
harvest treatment Hours after
treatment
Fig. 2 Expression profiles of DK-ACS1, DK-ACS2 and DK-ACOI genes in ‘Tonewase’ and ‘Hiratanenashi’ Japanese persimmon

fruits. ‘Tonewase’ fruit were harvested at commercial maturity and ripened at 25°C. ‘Hiratanenashi’ fruit were harvested at 1
month earlier than commercial maturity and treated with propylene or 1-MCP. Propylene treated fruit were ripened at 25°C. 1
-MCP treated or non-treated fruit were cut into 5mm cubes for wounding treatment. ‘Hiratanenashi’ fruit harvested at com-
mercial maturity were ripened until over-ripe stage. Northern blot analyses were performed using these fruits or cubes.
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L —@— Low humidity
—O— High humidity

Weight Loss (%)
I I SURN NS R~ SR

Ethylene (nl- g7'- h™)
=

Firmness (kg)

e 1 1 1
01 2 3 4 6 & 10

Days after harvest

Fig. 3 Changes in weight loss, ethylene production rate and
flesh firmness in young persimmon fruit held in low or

high humidity conditions.
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+— Peel

0 1 2 3 4
Days after harvest

—@— Control
—/\— 1-MCP

Fig. 4 Effect of 1-MCP treatment on the rate of ethylene production in pulp, peel, abscission zone, core and calyx tissues of young

DK-ACS1

‘Hiratanenashi’ Japanese persimmon fruit.

Control

A*,«
» SRS
Q‘D’ Y(V\) QO Q,©© Q’Q'

o

DK-ACS3

e R

DK-ACO2

"R -

_—

Fig. b

Effect of 1-MCP treatment on the expression of DK-ACS
and DK-ACO gene families in pulp, peel, abscission
zone (AZ), core, and calyx tissues of young
‘Hiratanenashi’ Japanese persimmon fruit. Northern blot
analysis was performed using the fruit at 3rd day after
detachment with or without 1-MCP treatment.

100 -
80
® I Control
60 F
:g
= L
(]
401
B
19} L
20 Packaging

0 5 10 15 20 25 30 35
Days after harvest

Fig. 6 Effect of perforated polyethylene bag packaging on fruit

softening in ‘Tonewase’ Japanese persimmon fruit during
transportation test. Fruit were transported from
Wakayama to Sapporo by airplane and then brought back
to Wakayama by truck. The arrow indicates the date when
fruit were arrived at Wakayama.
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