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< SUMMARY >

| F=WE | D-02

O Development of postharvest technology for kiwifruit, strawberry fruit
during oversea market

Purpose& .
O Development of postharvest technology to prevent fruit decay
Contents O Development of postharvest technology using natural extracts
O Development of postharvest technology to combine CO2 and methyl
jasmonate
O Development of optimal postharvest condition od kiwifruits for oversea
market
- Incase of kiwifruit stored for 5 months
- 8°C for 3 weeks
- 6°C for 4 weeks
- 2, 4°C for 5 weeks
Results O Apply functional film containing ilite material to small package for three
kiwifruit cultivars
- Funtional film will be applied for small package products
O Development of postharvest technology to control strawberry fruit decay
— Natural compoumd methyl jasmonate effectively controls fruit decay and
induces anthocyanin pigment
O Combination of methyl jasmonate and CO2 is more effective to control
fruit decay but depend on fruit maturity
O Our results will be applied to oversea export of domestic kiwifruits.
O Our results will overcome undesirable postharvest problems of uneven
Expected coloration and decay of strawberry fruit.
Contribution |O Our results first suggest scientific information between naturally induced
or exo—ethylene induced ripen kiwifruit quality.
O Fianlly, our results could be applied to export other fresh crops.
Keywords kKiwifruit strawberry expor t pigmentation , methly
jasmonate
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Comparison of fruit quality and GC-MS-based metabolite profiling of @Cmmk
kiwifruit ‘Jecy green’: Natural and exogenous ethylene-induced ripening

Sooyeon Lim, Jeong Gu Lee, Eun Jin Lee *

Department of Plant Science, Research Institute of Agriculture and Life Sciences, Seoul National University, Seoul 151-921, Republic of Korea

ARTICLE INFO ABSTRACT

Am‘r{c' hiﬁory: We applied exogenous ethylene to ‘Jecy green' kiwifruit to elucidate the differences in fruit quality and
R‘-‘CE{VEd 3 febfuaa'y 2017 ) metabolite profiling between naturally ripe (NR) and ethylene-induced ripe (ER) kiwifruit. Kiwifruit were
Received in revised form 24 April 2017 exposed to ethylene (200 puL/L) for 12 h at 20 °C and maintained for 9 days at 20 °C. Two metabolites of

Accepted 25 April 2017

: Ao o5 ascorbic acid and arabinose significantly decreased during kiwifruit ripening regardless of the ripening
Available online 27 April 2017 v g p £ p

method. The concentrations of sucrose, myo-inositol, citric acid, and malic acid in NR fruit were substan-
tially higher than those in ER fruit, while the concentrations of fructose, glucose, and quinic acid in ER

Keyyvyr_ds: . - fruit were higher than those in NR fruit. NR and ER kiwifruit were statistically similar in regard to overall
Actinidia chinensis Planch 2 3 3 - i S

Ethylene sensory profile, even though the metabolite profiling showed a little difference. The application of ethy-
Metabolites lene to ‘Jecy green’ kiwifruit to regulate ripening for commercial purposes can result in good quality fruit
Postharvest without side effects.

Quality @ 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
Ripening license (http://creativecommeons.org/licenses/by-nc-nd/4.0/).
Taste

_51_




(%9t'82) 2 Od

1
1
1
i
1
!
e
— _.
) P L
@ o ® ! * e
= £ e 01
a g B
o ES .
W 1
£ i .
e I L ]
1l
‘. *.®
..................................... e
;e °
1
® i
1
i
@ o | .
! ®
@ ® e | 0 .
e |
" °
| ®
1
1
e i
1
1
1
1 L ]
1
i
1
1
1
!
1
| | [ | | ] [
14 € 4 L 0 L- c-

-

3

PC 1(33.00%)

pic)

(CT, #F

_52_



A 6
ETod
ETod @
4 1 ET9d
. cTod ==
CTod
= N \
< — )
S 144
o ) " \‘_/
[ee] ET3d El3d
— 0 - e
) E3d /7 CTid\]
g-_ @ cTad
o 27 o
(@]
- qi CT3d
_4 . .
-6 T T T
6 4 2 0 2 4
Comp. 1 (14.4%) A Clod @ ETad
@® ET9d
A CT9d
B 04
0.3 1 fumaric
latic ks
02 - ot %ecqglcfes'lanoic
tagatofuranose ribonic
e xylose
o : itolUn12
=) mannitol
© 0.1 pamitc e
loo] quinic fructose
— .
= un2 prifahinese  sorbose _ glucose sucdiii?
o 0.0 ascaorbic " e aric. T
=
uni0
O 01 urts ghlactose
O .
uni4 valine butanoic
-0.2 4 methylprpparsplartic FHWMEPS&B
un3
maltose
malic
0.3 - N ic
-04 T T T T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

99 28 AAFEY AAFEGel e Fridel FAUAA FAR B

Comp. 1 (14.4%)

A
&

(A, loading score; B, loading plot)

_53_




CTod 9d Fig. 5

SUCTOSE
= =]
=/
nscorbes acid theeonis acid
nbose sorbose
el Y mo < glucose fructose _» " 00
: [= =] ——————Fmannose —% asoorbic sord 4— saccharale
glucuronic ackd «_ - T
o= ] mannitol
|nuuhl¢—h|mu1nﬂ-1-p.¢? gi-G-p = frubp =TT A
[ (s
coff wil] composton - [= ] P r,’ l l
arsbinose = -I’_r "W PO — glycemlaip
galaciose « " sarine « l
v
farty acid gymihesis "'E;' PEP—— shikimic acid aming acid synihesis
el {ctelbne . |
pairgl wcid m.7 i 2 quinke acid i
S i » L phenals compaund
cleic acid e acetyl-Cofl bencid syihess
linolese acid e
= ]
aspartic acid «——— oualoacetic acid
o acamdabs
Affifia btll:f!._rnl'l‘ll.‘-ﬂ! : i s l
=
threcnine
] Boeiine acld
; ¥ glutnene ss
’/7 fumainc acid S aseoiutarie sk e \L
I i < amino ackd symthesrs
0= mExd
[
oS
argining
GARA
HRER
i g BUCrOSE
ascotbuc acid "“ms.f‘ \ threonic acsd
sorhose
S s <—gdbcose fciose " LH 1
ﬂ- & acid (==} O —e,mannoie—*a BCid +— saccharaty
(=] e S }  Tamannio B3
IMOSItO] s—i o0 T o e g frypfe
=] I - o gu-6-p g tartaric acid
-.__.,-l"- .r"" ¥ &
eell wall composition ’%ﬁ‘ - f,“
arabinose © <" frehalose PG ——s Gycencl-dp
jmm] S m -~
galactose < N l
s
fatty acid synfhasis — PEP— shikimic acid amino acid synthesis
[mm] m -».m 4 d quinic acid i
Sllﬁu:mnuﬂ h_“_‘h PFUmMH 5 . e
alleic acid e @R . symihesis
.f%m [ ]
BSLAMHD ACH] s— cxaloaonts Btid \
! acorstaie
TG acrd FheErE «
Shis e il malic ackd
thraﬂm Ictric i
‘./'“'"""“3“’ Mmﬂ’;wﬂ
maleic scid Amng -:ﬂ';wii'm
l;u.u::l:l;h::= aced Hutamng
profne
2
aegining
GAELA

_54_




Before Mormalization After Normalization

rehalose — wehalose —
Infic — latic —
wnld — unld <
phozperie ={ | phosporic =
mranese = upane =
el =1 e 1
U und
gatnirnns < tagyeto farans —
headecamaie = o hemdecanoic ]
puimitic = o pabmitic ]
mscartic - ----- B ascarbic
praline — r proline
stearde - @ stearic =
mypeinssiol = [ mgpinstitsl =
butmoic = busnoic —
glucese -+ glecose
wis <} winds =
om o galactize
- -----—-- - mamone =]
ribanic —
maltose —
ncetic |
Hhresnine =
propansic -
und
succinic
Bloze =
napartic =
unl -
Hb = ‘sucrose |
[} wnl2 o o
glucshesdin - licahesndia =
sorbuse —| E-I L] sorbose
wctadecamaic —| I wetmdecmic —
manmitol — masnitol —
it < of winld
methdprogan = § methlprapas =
und — I und =
quinic -| @ [ 1) quinic
malie 4 ifH malie
a2 a2 -
wnld = unld —
unl - unl —|
wrhinese | arbinosz | o
wadine —| line —
inrumile | rtac
madeic =) maleic =]
fimaic —| fmmaric
fuemse - HETIET - fuctse
gmeursnie = | ghucuronic =
Se+lS
15+ de+15
%‘\, . e4ls
E
Ia] Ze+lS
05
le+ls
00 = Mh A e 400 =
T T T T T T T T T T T
= = E] 2 s = = = - - E
3 4 i i 3 !
Concentration Normalized Concentration

9 30 Aarske Ao tiAbAl A3k, AarsbE (o] F) A E e

_55_




A-Sugar

(3} - ]

{

i ™ -t ol (=] -} _..1 (8] =] _..1
(e} ssoieRn sl oy {erujasoqiog (e} eso@ Rl
-~ -
Hﬂ ,, A
LE] (=] -..w._ ™ (=] -..w._ (3] - [=] ke (2] (=1 nw_ anin = M
) ' 4 aveoily
=) eEcionig VA es o IN (e popsouw-ofpy (e ssoumn opsfie| it
]
k=
[
i m
+_+ F= ®m C
e
]
=
Ly @
@
§
1 = F
ol @ o =] o o =] o o =] ] L =
{ & 1} as0ugEry { Ei}) as00omo) 1) BEcULE N {1} esormng { ‘&) esousn |

o #3}

=
=

31 AAF%T AAFEE Ariazre] A

5 D, 71Eh

 C, obv] sl

=
T

s

(A, 4+ B, 771*

_56_



B-Organic acid

o - =}
{'B'3) DiDE DUBLLN 4

[=]

{21} pioe 2

-2

G
& :

Lo}

T T
(2] [=]

{ERUB BAIERI| pOE 2 QUOoEY

-2

3 4 ]

Drays after treatment

0

el

el pobe ey

Y

sl

" (3] .
(B} poE JoEN

¢@w I

2

{104 P a0 MOnE)

L

{E'J} poE U

3L

] - =]

Vo) pos oo g

T
[£]

{5 e oudoig

T
(2] = (=]

{'B'l) pOE DREDOING

o] W3

=
=

73 tHARA

L
=

» D, 71Eh)

=
T

C, obeled

=
T

s

(A, T+ B, 7712

_57_



C-Amino acid
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MeJdA solution (MeJA 100 pM + sucrose 88 mM + HQS 1 mM)

|

50 mL solution division in falcon tube

!

Immersing strawberry peduncle in falcon tube (15 fruits/1 set)
(total 6 sets)

.

Storage (10°C, RH 95%)

‘Seolhyang’ strawberry harvest (2018. 05.)

Y S
Rt 4
my -
Storage during 2 weeks (10°C, RH 95%)
Rgr” L N

Id
2~3interval sampling

a3y 32 MEAARYe| S A 24

(YA zzol =] 24 2 53] oA BE in-vivo Ssk 49)

D7) 3g FAHREE 1% Aol H7LA wErLy #AAZ] FH, Anak 3%& Ao F=3o]
SPE®#}A S A 3 HPLC-UVDY 525nme] &3 Eo|A FA3

g27]9] Ao #ojst= tEAloh A mEAARYE A dd FAke] T

& ZAHE 4)

[-a (
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3 g fruit (pasted in LN,) + 50 mL MeOH (contained 1% HCI)

l Stiming for 1 hr
Centrifuge for 10 min at 2,000 g

10 mL solution (15 mL falcon tube)
l Drying under N5

Pellet+ 5 mL (3% formic acid in water)

|
SPE (Solid Phase Extraction)

i 1. Column activation with 10 mL MeOH
2. Sample loading

3. Followed by 2 mL waterand 2 mL 2.5% (formic acid in water)

4. Recovered with 3 mL (3% formic acid in MeOH)
.

\I, Drying under N,
Pellet+ 500 pL (3% formic acid in MeOH)

\I( Membrane filtration

Analysis by HPLC (in ambervial)

18] 33, 7)o etEAJold M BA 1A

ME
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% 3 deAamelEd o3 24 9 F4 A fA% ATE A Zejojv] ==

Gene Forward  primer sequence Reverse  primer sequence P.roduct

size (bp)

PAL GATTTGAGGCATTTGGAGGA  CTTGCCTTAGCCTTTGCATC 217

CHS GCCGAGGAGTTGACAGAGTC TTTCAATGGCTTTCGCTTCT 190

CHI TGATGATTGGCATCTCCAAA  TGCCTTGTTTTCTGCTTCCT 233

F3H TTGTCCATAGCGACATTCCA  AGTTGCTCCTTTGCATGCTT 176

DFR ACCCTGCAATCAAAGGAACC TAAATGCTGCTTCCTCCGTG 234

ANS AGTGCGTACCCAACTCCATC  TGTGCTGGATATGCTCGAAG 240

UFGT GTGGTCACTTCGGGACAACT  AGTTTCTGATCGCCGAAGAA 219

LOX TCTGCATTTTAGGCCACCAG  GATGAGAGTGCTCCACACGG 232

AOS CCCCGAGTTTCACTCCAGCT AAGAGAACCCATTTCCGGGAC 197

AOC CCCCAAGACCCACAAAAGTT CTTTCTTTTCCGGCTTGCTT 216

OPR3 GCTATGGACTCCGACCCAGT TGCTTCATCTTGATCACTGCC 168

IMT CCGGTCTTGATCATCCTTCG ACCGGGGACAGCAGAAATC 185

JARI TCTCCGGTTCTCACTGGAA TGAACTGTAAGGCCTTCCCG 183
(3) A+ 2
7h 2719 F2(HE, 2FE, Ak, o3A) Hek(2d 34-39)

e elES Aeld A, 1date] dxaS 77N 247" 340)8 Bl v
Holl g 12INe & forog = Aol AT shAWF 83U Aol &= dl o]
83N, A gl 5INe = ZAE o Aol HEARAEYolE ofsfr Fso] HUEHA
=& A8tk T3 SFF(aF 3PH)AAME gzl 336 + 81 ml CO2kg-1h-1 FF2
2 AT (226 + 2.6 ml CO2kg-1h-1)H T} =kow Ao A 7]7te| A FASE HadS B
). 53 AEFRANE AUAATUGE Boo] SJald Fho| FAUE A4S BN
=4, W ] ok TAE(TH 36)2 A Ao YEEt 19 348 B, thEaol
A F oAl 2206 ol Ee e AT 16%Qa 3FANE US4t 8
Atz 65%, Aeat222%e Fulg&s Hth Ao = WEAARYolEo 9
& ztol7b M= (2™ 3NN = YEREA ko JJrJJE' HAE BRIl YERSE

=

CHY 38, 39). HeF 3UARE sPAmme = Heliel ] Fan P97k vzite]
) WolA7] Azkstel HelF 8UZA 1 Aolsk fAR Aol WA wekA WEs
Bulo]E 100uM o] @r]e] R FHE FAANUAR Foge ARATE At
2zRgen, of we FAAUAE ANEE o7 nEHt nE U A Z0424

_67_




o] mEARARYolET}L Wy E37} Q)

Firmness (N)

Respiration (ml CO, kg™ h™)

e A =AU

18
16 —@— Control
—O— MeJA 100pM
14 - x
12 A
10 -
8 4
6 u
4 -
2 4
0 . . : : .
0 1 3 6 8
Days In Storage
19 34, WE@AARYolE o3 wr|e] AL W3}
50
—@— Control
—O— MeJA 100uM
40 A
30 A
20 A
10 -
0 : . : : , ,

0 2 4 6 8 10 12 14
Days In Storage

a9 B, WRAsRYo B ol Bl 5EE W

_68_




80
—— Control
—— 100 uM MelA
B0 4
40
=
(1]
(& ]
LIk}
0 20 4
0 4

0 3 10 15 20 25

Days in storage

Control Treatment

a9 36 MEA AR Yo Ed] o3 @]e] Fufj& wis)

_69_




25

20 A
15
~
)
=
S 10 4
—
o
@]
5 -
0 1 —@— Control
—O— Treatment
-5 T
0 2 4 6 8 10 12 14
Date

a9 37 MRz e o5 2]e] A

Control

Control

0 day 3 days 8 days 15 days

29 R MgAsE ol oF Wole] 24 ws 9w

_70_



5 day 6 day 7 day 8 day | 9 day

<HEZRARUYO|E A g >

a9 39, WgAARYol B o7 @y]o] HA wsl dARI(d 2A|RE AR
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(L) FEAJobd A4 gl e FAx Tl A(2E 40-42)

QtEAJol F pelagonidin-3-glucoside”t ®7]9] 8 A4l Ao =2 HPLC 4]
EEFA o (Y 40) 1 o2 E petunidin-3-glucoside®} cyanidin-3-glucoside”}
3tk olEs F SHEACMT Fow SHibsto] wEHAARYO|ETE QFEAlobH A 4
o MA= ERE GolEHUTHITH 41). AF 595H 1397HA] txatHo weaps
o|Eo A o] QtEAJo FhFo] oF 2u e A HEHIJT xS 13Ut Hi
13 mgl00-1FWS HA oy A oln AHE$ 7dxte] 145 mgl00-1FW7F A&
134 2ol = 22.8 mgl00-1FW&] QEEAJol o] 3hfrEo] 5o E1u At FEAJoP
o] F7tst Aol tist AlS sty fdl tEAD AR FHA HAHEE ZASHA
TH1Y 42). 31 F212 & FAA % PAL, CHS, CHI, F3H, DFR, ANS7} HE Xz}~ o]
Eo] oA thratrHtt 3-49 w27 G AT webA wEARARYolEE Ao RE &
71l A= AS w 50%] FMAHLEE QEAT AR FHRe] TdE A7} dd ol

i
FEAEE 2Ase] V154 N9 FEAM FFL FAAIE AR ArH AT

e U P S R R N )
M2 0 o oo e &

[e]

0] Pelargonidin-3-glucoside
] rd
__g‘ 00
™~ Cyanidin-3-glucoside Petunidin-3-glucoside

!, \;Jl___r_w;é _ -

Tme

9 40, 27]9] etEAlobd 4 ARvtEIE

_72_



30

I Control
1 100 M MedA d
25 1

20 A

151 C C

10 1

Total anthocyanin contents {mg 100 g" fresh weight)

5 7 9 13
Days in storage

a9 41 WEAARY | ES AT @7]e] tEAlobd A4 W)

_73_




uoismaade enjejey

PAL . T CHS . T
2z ] [ 100 180 M= 100 i Mais | 25
0 g L 20
13 ; = =3 o= T s
o
10 2 I m . 1 F 10
- 2 i ] T b
= 1 e 2 r =
m |
CHI . Coo F3H . oo
z [ 100wk MadA, i M
Anthocyanin pathway iz i R
g ~ !
Phenylalanine i ' | %
| PAL ; = I
1 L [ e
[= s
Coumaroyl-Co-A 8 2
[
v CHS -
s |DFR ‘ o
Chalcones _E 1 i A ;m:};um
} cHi 2 g N
Flavones ]
' F3H ]
Dihydroflavonols 14
\  DFR o |
A UFGT ¥ 1 L] a a 1
Leucoanthocyanidins 4 E i Diays in storage
[
} ANS ]
Anthocyanidins
1- J a
\  UFGT e W e 2
Anthocyanins Ei 5
\_ J a

Diays in storage

F3H (CT-G) ANS (CT-G) UFGT(CT-G)

8day / 3day Gday 8day

F3H (TR-G) ANS (TR-G) UFGT (TR-G)

- — .
- ———

1day 3day Gday Sday ¥ 3day Gday Bday 3day Gday Bday

_74_




PG (CT-G)

[—— e S
- - -

lday 3day Gday Bday lday 3day Gday sday

PG (TR-G)

Lday Ay Gday Baay 3day 6day Sday

a2y 42, MdAAR Yol ES A3 @]9 StEAlohd g Ao e

MEAgsroEx 4% E2E Fo SR dUdsRERORE A7t S

o) *36“401 FESAE SHE AL A TAN W1 qeReege=s AT B
Wgol 2UHEAE dolunA shgrh 24 A3t AT 393 5
A

lol=2 Mo Aestale W Axe] WA e
ol HES fAN7E WdAzzUo 29 YF4e] FAHE Aoz e

BN e o

o
o
v
rﬂ
m&
i)
rlr
=
i)
By
[~
= |y
kv

_75_




Chloroplast  o-Linoleic acid

I LOX
13-Hydroperoxylinoleic acid
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12,13-Epoxylinoleic acid
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Sequence

F: GTGCTCAAAGCAAGCCTACG
R: ATCTGATCGTCTTCGAGCCC

F: GAAACCTGTGGTTGCCCTCT

R: TTTCAAACAACACCAATGCG
F: GCAACAACGCCGAGTAGAGT
R: TGCAGTCGTTGTCTTTCCAAG
F: ATGCTGTTGGGGCATAGTGA
R: TTCGCAAAACGGTTGTTAGG
F: CTGATGTGGCCTTCCTCAAA

R: TGAGGTGCTGGGATAGAGCA
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F: AACTTCGCTATCGTTCCTGCTT

R: GGGTTTGGATTCGGACTCAG
F: AGAGGAGGGGGATCGAGATT
R: AGAACAAAGCAACTGCCCCA
F: CATCCCAATCCGAGTGTTCA
R: CTCCTTCTGATCCCACCACC
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#5 % o AsEaE Aeld @] Aw v
Treatment Storage day L= ax b Chroma Hue angel
Control 0 47.2 24.3 20.7 32.0 40.5
1 475 24.2 20.8 31.9 40.6
3 42.0 30.6 23.7 38.7 37.8
7 40.6 30.8 26.3 40.5 40.6
10 40.2 29.1 21.2 36.0 36.1
14 40.5 26.9 20.7 33.9 37.6
3096 CO2 0 47.2 24.3 20.7 32.0 40.5
1 53.2 195 17.6 26.3 42.1
3 40.0 29.6 22.5 37.2 37.2
7 40.2 29.3 22.3 36.8 37.2
10 41.2 28.6 215 35.8 36.9
14 39.7 26.8 19.8 33.3 36.5
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ATh SPMEWH o= ‘wjgy 7] RS HES 27 F 56719 FrReE A
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£ EAE w)e) Fo g JRE 25
Chemical names acci?fion Chemical names aCC?lfinH

Acetic_acid,_methyl_ester cl 2-Decanone c30
Butanoic_acid_methyl_ester c2 Acetic_acid,_nonyl_ester c31
Butanoic_acid,_ethyl_ester c3 Nonanoic_acid,_gmethylethyl_est c32
Benzene,_methyl- c4 L-LINALOOL c33
Hexanal cb 6-Methyl-1-octanol(low) c34
2_Pr0pen$§;§§§e’£§ﬁ1 g Sthyl— —27h c6 1-Octanol c35
2-Trifluoroacetoxydodecane c7 Acetic_acid,_dec—2-yl_ester c36
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KEYFRESH

The meaning of KEYFRESH® is Key Packaging Material far solving problems of
keeping freshness of agricultural products to prevent from losing freshness that
can be caused during transportation process. KEYFRESH® contains natural
materials that is able to adsorh and discharge harmful gases caused by
decomposition during transportation.

PRINCIPLE
FUNCTION
Ethylene, a mature hormaone of greengrocery is adsorbed
= KEYFRESH® is made with natural inorganic materfals that extend display
period and quality improverment
o P ility is improved as o of oxygen and moisture gets higher
€5 Frosher Longor

KEYFRESH i
ADSORPTION 5 —
L o0 = 1
RATE = i
LR /
i
: o
Ew //
L oz o4 08 08 o 17 14
Ethylene is plant hormone, causing fruit to ripening, however, it can cause
plants to decay once generated amount Increases. Controls of ethylene rate,
acting as a key n this exiension of shelf life and fruit quality during storage.
CASE STUDY REGULAR FILM KEYFRESH
[ | oays |
\ RT.
Delay in coloration

R

Inhibition of brown spot

DRAYS
\_10%

Delay in yellowing

]
| oavs |
e

Delay in browning

€ srPROPATK
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