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Abstract.

This study aims to determine the optimal maturity of strawberry fruits as affected by the application of

lysophosphatidylethanolamine (LPE) and its optimal concentration for postharvest stability and quality. Prior to
application of treatments, fruits that were classified into levels of maturity (0%, 50%, 70% and 100%) were air-dried
for 40 minutes and stored in the refrigerator at 4°C for 12 days. Fruits at 70% maturity were dipped into 0, 10, 50
and 100 mg-L"' LPE solutions for 1 minute. A lower range of concentration (0, 2.5, 5, 10 and 25 mg-L™") was applied
to fruits at different maturity levels. Data on fresh weight, hardness at vertical and horizontal loading positions, color
index and sugar content during storage were collected. Based on fruits with 70% maturity dipped in LPE concentra-
tions, there were no significant differences found on fresh weight, color index and sugar content. However, the appli-
cation of 10 mg'L"' LPE gave the highest hardness at vertical loading position while 100 mg-L" had the lowest
average. At lower range of LPE concentrations, fresh weight was not significantly affected by LPE application and
maturity levels. Hardness of fruits was mainly based on the maturity of the fruits. Increased hardness was observed
in the fruits with 70% maturity dipped into the 5Smg-L" of LPE solution. The hardness and Hunter’s L* and b* value
of 100% matured fruits gave lowest values despite the application of 25 mg-L"' LPE 12 days after storage.

Additional key words : color index, dip treatment, hardness, ‘Maehyang’, postharvest
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Fig. 1. Change of fruit fresh weight in the ripening of 70%. The fruits were stored at 4°C after dipped in the LPE at 0(Control), 10, 50, or
100mg-L™" concentration. Bars indicate standard errors (+) of means for 6 fruits per treatment during storage periods, 3, 6, 9, and 12
days.

Table 1. Change of vertical (VH) and horizontal (HH) hardness of fruit in the degree of ripening of 70% during storage periods, 3, 6, 9,
and 12 days. The fruits were stored at 4°C after dipped in the LPE at 0 (Control), 10, 50, or 100mg-L"' concentration. Data indicate
means for 6 fruits per treatment.

LPE VH (g/<J 3mm) HH (g/ < 3mm)
(mgL™") 3days 6days 9days 12days 3days 6days 9days 12days
0 665abed 727abc 620abced 580bcd 332bed 427abc 393abed 373abed
10 583abced 787a 763ab 612abced 300cd 433abc 473a 358abced
50 567bed 710abced 718abc 533cd 305cd 378abcd 448ab 258d
100 507d 680abed 608abed 558bcd 303cd 348abed 283d 279d
dayxLPE * *

“Mean separation within columns by Duncan’s multiple range test at P <0.05. P <0.05

Table 2. Change of color difference of L, b and a of fruit in the different degree of ripening of 70% during storage periods, 3, 6, 9, and 12
days. The fruits were stored at 4°C after dipped in the LPE at 0 (Control), 10, 50, or 100mg-L" concentration. Data indicate means for
6 fruits per treatment.

LPE L a b
(mg'L") 3days  6days  9days 12days 3days  6days 9days  12days 3days 6days 9days 12days

0 43.07a 44.20a 39.05a 42.08a 18.15b 19.47b 2197b 20.45b  17.58a 17.23ab 14.15bc 15.85abc
10 40.50a 41.73a  40.00a 39.63a  21.12b 19.15b 22.97b 39.63a 16.82abc 15.77abc 14.78abc  13.73c
50 39.32a  43.10a  41.57a 3898a  22.82b 18.90b 22.78b 38.98a 15.72abc 17.12ab 1608abc  14.47abc
100 4230a 42.03a 39.57a 3895a 20.17b 21.75b 23.37b 38.95a  17.53a 16.90abc 15.13abc 14.13bc
dayxLPE ns K ns

“Mean separation within columns by Duncan’s multiple range test at P <0.05. *'P <0.001, ns (non significant)
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Fig. 2. Change of sugar content(°Brix) fruit in the ripening of 70% during storage periods, 3, 6, 9, and 12 days. The fruits were stored at 4°C after
dipped in the LPE at 0(Control), 10, 50, or 100mg-L"' concentration. Bars indicate standard errors() of means for 6 fruits per treatment.
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Fig. 3. Change of fruit fresh weight in the different degree of ripening of 0, 50, 70, and 100% stored at 4°C after dipped in the LPE at
0(Control), 2.5, 5, 10, or 25mg-L"' concentration. Bars indicate standard errors () of means for 12 replications per treatment.
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500mg L §H) 303t HAEAS W HASHA] B
izl Bl APERFE o] FEdo| Fhiwo|, A
g7zl S Aojxtial gtk (Ahmed?}  Palta,
2010, 2011). Al 2 =ZaWE)E 48 3 LPE 50-
100mg L F=0 F3FU JAAALE s1%= o ol
gl ik ERFA gzl Hls] TEFE Wb}
SR FHAe] Asp}t AT S (Farag®} Palta,
1991). T3 Q&Xjo] LPE 480mgL’' ¥ ¥ 2%
20°C FFE 90%=2 1098 S Agspd aje] v]d
ol sy dizyel wis A B 50% A=
Z7F AT AL Hal(Alferez et al., 2008)=]a 331 HE
< LPE 200mgL' ©& A3t 3 5°Co] AFslds

A 7148 938k LPE(Lysophosphatidylethanolamine) 27 )&% +

o

o, A Ax, 3% 2 gzl FEFs mXA] &
Pkl ik (Amaro 5, 2012).

2. 2 =0 o LPE AX|X2e s ¥ HE #e)

W AAFE AR 71k T = 0, 50, 70, 100%
E5o)A LPE Aglsx=d fox7l IithFig. 3). &
ZAEe} F7H%T= LPE AHElsest Aagle] 5 0% >
50% > 70% > 100% <O =2 ESIcH(Table 3). LPE &
T Aol o3t Jge TAR] A = 70% A
oMt YeRdth &% 70% 9] e A3 3, 6, 12
YA EF LPE SmgL'ollA 7P THE7F =43 12
dA= LPE A7 BF Tl vial THxet 3
AE7E =3 S 100% 2Hde] 7 A 129700
LPE 10mgL'ol|A FHE7} FAg+ol vls] =A% 7}

Table 3. Change of vertical (VH) and horizontal (HH) hardness of fruit in the different degree of ripening of 0, 50, 70, and 100% during

storage periods, 3, 6, 9, and 12 days. The fruits were stored at 4°C after dipped in the LPE at 0 (Control), 2.5, 5, 10, or 25mg-L™" con-
centration. Data indicate means for 12 fruits per treatment.

) L VH (g/J 3mm) HH(g/ < 3mm)
Maturity 1
mg-L 3days 6days 9days 12days dayxLPE  3days 6days 9days 12days dayxLPE
0 643ab 657ab 1000a 643ab 750abc 680abc 850abc 487bc
2.5 983a 863ab 857ab 560b 1153a 800abc 563bc 460c
0% 723ab 773ab 667ab 693ab s 743abc 743abc 613bc 557bc s
10 830ab 717ab 490b 647ab 827abc 600bc 393c 487bc
25 883ab 663ab 583ab 663ab 997ab 590bc 593be 583bc
Average 812.7 734.7 719.3 641.3 893.3 682.7 602.7 526.7
0 487a 390abc 377abc 487a 450ab 460a 347abed 307cd
2.5 403abc 357bc 393abc 380abc 360abcd  323abcd  313bed 307cd
0% 387abc 333c 400abc 403abc s 320bed 277d 320bcd  393abced
10 370abc 360bc 390abc 460ab 443abc  363abcd  440abc  370abcd
25 447abc 377abc 407abc 417abc 293d 323abcd  317bcd  413abed
Average 418.7 363.3 393.3 4293 373.3 349.3 347.3 3553
0 383abcd  317cde  330bcde 290e 340ab 260b 390ab 273b
2.5 397abc 300de 337bcde  347bcde 400ab 267b 267b 330ab
0% 437a 407ab 323bcde  393abc . 423a 270b 313a 380ab .
10 330bcde  350bcde  350bcde  377abede 347ab 287ab 340ab 330ab
25 340bcde  353bcde  330bcde  317cde 343ab 270b 267b 313ab
Average 3773 345.3 334.0 344.7 370.7 270.7 315.3 3253
0 300b 330ab 323ab 330ab 277abed 223cd 317abc 227bed
2.5 303b 310ab 297b 310ab 323abc  257abed 333a 280abcd
100% 313ab 300b 340ab 340ab s 280abcd  280abcd 327ab 243abced s
340ab 277b 330ab 390a 320abc  240abcd  310abc  267abed
25 303b 323ab 300b 257b 263abcd  243abcd  303abc 190d
Average 312.0 308.0 318.0 3253 292.7 248.7 318.0 241.3
“Mean separation within columns by Duncan’s multiple range test at P <0.05. P <0.05, ns (non significant).
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A= LPE AHEFollA F4ES IHE =5 F7hste
AR gapF et Aog ®elth kv 100%Y

£ X8l Bls] 10mgL! AgTolr 4%, 3
A=7F S71E0] A5AA a3t IARE 7P EEld
25mgLoME AT} JHE BT FAYF Hoh @
o} 23| FH&EA|A] At YeRd Aoz ArkEn)
ot WEE T ATATNNE LPEE Il A
Aol W} 1 g2} t2A JEpdtal Basigich B
e =<%ate] S LPEo HEsiS w ojgdl v
s FNFeY, St HOE AEEIE we
ofjdall whgo] A= AH(Hong 5, 2002; Hong,
2006). =, LPE= 55 FXlelo ol& 48 & #4
S AI7)71% Skal(Farag®t Palta, 1993b; OzgenS}
Palta, 1999), FHZ 238 =35 AAAA +49& <
AA7l= &37F th(Farag®l Palta, 1993a; Kaurs}
Palta, 1997)y= 239} Ix|HTt.

ARA L*, b* k& LPE A9} BAIglo] o wh
Z IR APEE =% 0% > 50% > 0% >
100% o2 =Qkth. AxA| Lx} bt Yirhe AL
o] MPHATE= Aol (Kim 5., 2013), ol =7}
o= vst wEbA] LPE A w59k #AIRe] &
100%14 7Fg w2 L3} bgko] S49 AS <&
ATt F= 50%F 70% HEe] B AT T o
AglToll HIs] Smg-L oA L*, b* gko] 7P =8k
L EE 100%Y] AT L* 32 Smg Lt 2ElTellA, b*
e 25, 5, 1omgL! BT FAFEG =3kd whd
2Smg-LlMe 7P W g B dsE sles 3
Gtk <57 100%2 W LPE 25mgL’! A 2]TollA
TATS) YA BT g7 Ho Wid A IA|E
T ZAYE HLTK(Table 2). MAAl a*ghke L*} b* &k
= diE 1 3ke] Sk Flo] ZdEte Aolar
(Kim 5, 2013), ol &=7} 555 ongh= Aolu}
%% 0, 50, 70, 100% E5A LPE 2] 3t a* gt
ezt §ilth Bd== AEd, 71 fo3 il
A= vAE).
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LPE(Lysophosphatidylethanolamine) 2% *2]&5%= 4

02 sEht a8AS & 4 AI 5= LPE
Age Aol 3l Jads F= s ¢

Aok, Wb FEE 2719

LPE SmgL! FAH2= A
g 55 T A= 7 sFest] FEERE A7
WAL N & S ok dgEch

I
ko

A& LPE 0&EF<rF, ET), 10, 50, 100mg-L! F=ol
B2 AAASAY, B7] BAofARH & HERE S5
0%, 50%, 70%, 100%=Z a3t $ LPE 0G4,
), 2.5, 5, 10, 25mgL! F= 1E37F HXZ
A2-(20°C£1)901A 4087 AFAAZE S 5 4°C AAgatol]
12U AFstdnk. A 713 Bt AT, FEE, 9
AE, Ax 9 g Hals AT

=% 70% S 48 F LPE 0, 10, 50, 100mgL"
SEO A F AP Y AATS P8ISS
i 2g] s=E FoRp) gIdeh. A5 A% 3949
= FA2FS LPE 10mgL! A2|7ellx 71 =Skt
A 6UAHE 1297MA= 10mgL! Aol 71
=3t AAEE A% 994 108 SomgL el 71
= SR RYAE 10mgL! AH2He 4
72} zpol7t fIAaL 503 100mg-L'olx 7 wEetet.
A=A L b* gk LPE A8 =4 A% 7]z 3
oAt fIRAaL, a* 3k A1 129440 LPE 10mgL’
Ae)E T3 BE FEollA FA T vlsle] =30t

ST 0%, 50%, 70%, 100%E 5533 3o LPE 0(
ZF57, ET), 2.5, 5, 10, 25 mgL! FEo] IAF
% AN w I YAFE LPE HelsEE e
AL Gtk FEEet FB=E LPE AEEEet g
glol ST 0% >50%> 70%> 100% TO=2 EUTh
LPE &&= A2l 93t 9P T85= S 70% T
o] 7% A% 3, 6, 1244 ZF LPE SmgL'ellA 71
=L 1294 LPE A2l BF FART] Bls) =

At = 100% ] A AT 12¢Ae] LPE
omgL'olA A7k Falelgel Wis)  wAR

25mgLlXMe TAE 9 FHE BT 7P Uit
A L, b 32 LPE A9l #AGe] %= 0% >
50% > 70% > 100% 02 =ol &£xo) we}t 9zt
7} AT £E100%04 7P e L} prgro] =3
HAh = 50%9F 70% o] A AT T o

159



#4719 -

oY
o,
X

£ Al Bld] SmgL'ellA L*, b* ko] 7FF =
th <% 100%Y] A% 25mgLlolME 7FE vk gk
Hol yjzo] futE Ao AET MAA| a¢ ghe
L} bl WHZ 1 e S7he 5t 292 9
nshs ASE &% 0, 50, 70, 100% =54 LPE 3]
g a9 R g, 3= AYE, 7IRFE &
oz} QUTh ARFo®E LPEE AR <1 @]
o] AAFe FFS FA owiA A= 9 A= s}
e JFE F= AL & F Utk F= 70% FALe
B} g&o vlE) AR SUlEat 3, S 70%Y
W A% LPE SmgL'olN A4 Soiol] Fabd o]
At

32

o o

i

AL A

B A4 sEMRET sV IS EAEE
AR Y] A (PI314027-03) &l B AL
201595 Fddisty skEATRdE ATsIisUTh

Literature Cited

Ahmed, Z.F.R. and J.P. Palta. 2010. Lysophosphatidylethanol-
amine, a natural phospholipid, may retard senescence and
improve the shelf life of banana fruit. HortSci. 45:66
(Abstr.).

Ahmed, Z.F.R. and J.P. Palta, 2011. A natural lipid, lysophos-
phatidylethanolamine, may promote ripening while reduc-
ing senescence in banana fruit. HortSci. 46:273 (Abstr.).

Alferez, F., Y. Lluch, and J.K. Burns. 2008. Phospholipase A2
and postharvest peel pitting in citrus fruit. Postharvest Biol.
Technol. 49:69-76.

Amaro, A.L., J. Fundo, J.C. Beaulieu, R.E. Stein, J.P. Fernan-
dez-Trujillo, and D.P.F. Almeida. 2012. Lysophosphatidy-
lethanolamine effects upon volatiles and quality of fresh-cut
cantaloupe melon. Acta Hort. 934:959-965.

Amaro, A.L. and D.P.F. Almeid. 2013, Lysophosphatidyletha-
nolamine effects on horticultural commodities: A review.
Postharvest Biol. Technol. 78:92-102.

Azzini, E., P. Vitaglione, F. Intorre, A. Napolitano, A.
Durazzo, M.S. Foddai, A. Fumagalli, G. Catasta, L. Rossi,
E. Venneria, A. Raguzzini, L. Palomba, V. Fogliano, and G.
Maiani. 2010. Bioavailability of strawberry antioxidants in
human subjects. Br. J. Nutr. 104:1165-1173

Bower, J.H., W.V. Biasi, and E.J. Mitcham. 2013. Effects of
ethylene and 1-MCP on the quality and storage life of
strawberries. Postharvest Biol. Technol. 28:417-423.

Cowan, A.K. 2009. Plant growth promotion by 18:0-lyso-
phosphatidylethanolamine involves senescence delay. Plant

160

] =] ©
89 - Hey

i

Signal. Behav. 4:324-327.

Farag, K.M. and J.P. Palta. 1991. Enhancing ripening and
keeping quality of apple and cranberry fruits using lyso-
phosphatidylethanolamine, a natural lipid. HortSci. 26:67
(Abstr.).

Farag, K. and J.P. Palta. 1993a. Use of lysophoshatidylethanol-
amine, a natural lipid, to retard tomato leaf and fruit senes-
cence. Physiol. Plant. 87: 515-521.

Farag, K.M. and J.P. Palta. 1993b. Use of natural lipids to
accelerate ripening and enhance storage life of tomato fruit
with and without ethephon. HortTech. 3:62-65.

Garcia, J.M., C. Aguilera, and M.J. Antonia. 1996. Gray mold
in and quality of strawberry fruit following postharvest heat
treatment. HortSci. 31:255-257.

Hong, J.H., J.R. Altwies, M. Guelzow, and J.P. Palta. 2002.
The influence of lysophosphatidylethanolamine, a natural
lipid, ethylene production and ACC oxidase activity on
mature green vs. red tomatoes. In: XX VI International Hor-
ticultural Congress, Toronto, Canada, p.262 (Abstr.).

Hong, J.H. 2006. Lysophosphatidylethanolamine enhances rip-
ening and prolongs shelf life in tomato fruit: contrasting
effect on mature green vs red tomatoes. Hortic. Environ.
Biotechnol. 47:55-58.

Jouki, M. and N. Khazaei. 2014. Effect of low-dose gamma
radiation and active equilibrium modified atmosphere pack-
aging on shelf life extension of fresh strawberry fruits. Food
Packaging Shelf Life.[:49-55.

Kaur, N. and J.P. Palta. 1997. Postharvest dip in a natural lipid,
lysophosphatidylethanolamine, may prolong vase life of
Snapdragon flowers. HortSci. 32:888-890.

Korea Agro-Fisheries & Food Trade Corp. (aT). 2015. Import
& export statistics.

Kim, T.I., W.S. Jang, J.H. Choi, M.H. Nam, W.S. Kim, and S.
S. Lee. 2014. Breeding of Strawberry ‘Machyang’ for Forc-
ing Culture. Korean J. Hort. Sci. Tech. 22:434-437.

Kim, HM. and S.J. Hwang. 2013. Qualitative Changes in
Maturity, Precooling Temperatures and Light illumination
on the postharvest management of the fruits in ‘Machyang’
strawberry for export. Protected Hort. Plant Fac. 22:432-
438.

Kim S.K., RN. Bae, H. Na, K.D. Ko, and C. Chun. 2013.
Changes in physicochemical characteristics during fruit
development in June-bearing strawberry cultivars. Hortic.
Environ. Biotechnol. 54: 44-51.

Magdy Abd-Elhady. 2014. Effect of citric acid, calcium lac-
tate and low temperature prefreezing treatment on the qual-
ity of frozen strawberry. Ann. Agric. Sci. 59:69-75.

Ministry of Agriculture, Food and Rural Affairs (MAFRA).
2015. Status of vegetable production statistics.

Ozgen, M., S. Ozgen, and J.P. Palta. 1999. Use of lysophos-
phatidylethanolamine(LPE), a natural lipid, to accelerate
ripening and enhance self life of cranberry fruit. HortSci.
34:538.

Protected Horticulture and Plant Factory, Vol. 25, No. 3, 2016



o

47] 8 & AFA7IRE A 2 FF 7§AS 913 LPE(Lysophosphatidylethanolamine) 274 *gl&x= 4

Roger, H., F.H.J. Elgar, C.B. Watkins, P.J. Jackson, and I.C.
Hallett. 2000. Physical and mechanical changes in straw-
berry fruit after high carbondioxide treatments. Postharvest
Biol. Technol. 19:139-146.

Shafiee, M., T.S. Taghavi, and M. Babalar. 2010. Addition of
salicylic acid to nutrient solution combined with posthar-
vest treatments(hot water, salicylic acid, and calcium dip-
ping) improved postharvest fruit quality of strawberry. Sci.
Hortic. 124:40-45.

AldRo A2, M258 M3S 20164

Sotirhos, N., B. Herslof, and L. Kenne. 1986. Quantitative
analysis of phospholipids by 31P-NMR. J. Lipid Res.
27:386-392.

Zheng, Y., S.Y. Wang, C.Y. Wang, and W. Zheng. 2007.
Changes in strawberry phenolics, anthocyanins, and antioxi-
dant capacity in response to high oxygen treatments. LWT -
Food Sci. Tech. 40:49-57.

Vicente, AR., G.A. Martinez, P.M. Civello, and A.R. Chaves.
2002. Quality of heat-treated strawberry fruit during refrig-
erated storage. Postharvest Biol. Technol. 25:59-71.

161



