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Abstract

Hormesis has defined as stimulation by low doses of any potentially harmful agent. In this study, enrichment of phe-
nolics such as pelargonin and cyanin in strawberries was investigated using UV hormesis. When the harvested
strawberries were stimulated by UV-A with the energy levels of 5.94 mJ/cm?® and 19.38 mJ/cm® and UV-C with the
energy levels of 10.68 mJ/cm® and 19.53 mJ/cm? enrichment of pelargonin and cyanin contents was showed at the
signigicant levels of 10.6% and 2.9%, respectively, which were analyzed statistically by a general linear model. At
the same time, changes in strawberry quality in the aspects of weight, length, width, color, firmness, soluble solids
content, electrical conductivity and pH were investigated. The changes in strawberry quality was negligible while
enrichment of phenolics can be obtained by UV hormesis.
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3 2 A X(hormesis)T FAHOZ g oA Tk
e 8802 F= A (Stimulation by low doses of any
potentially harmful agent)’©|2t3L Luckey(1980)= 2|32l
JtHSharma & Alderson, 2005). &, ¥ &0 2 F&=
Ao o3 YEA = Folg hAgrE-S o2 2 o]
84S o83l 48 AES =44 E F dde A
olt}. o] #/J(hormetic phenomena)> ©|7| 1880 T
HHEE B EHAT SEWA| L] & YA HAERE S
Apdolut BIMIAM AR 7hed B9 ofE AESHY
ol 315k Mo R R hed Z0E B EY Jlt
(Cho et al., 2006; Cho, 2008).
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7Fs st oA BEAE ATl A2 gALE 2E3)
3, 259 A (homeostasis)S A8 332 W3l
FEE T A HEE HZ FEFQA £82 SO
FAbo] o AL Kol ¢} APF T Lo
AEA Y ZEHALE FE3t FHAFS I L, &

[

B¢ x3eE, A7)5H 8RS TEANE AAE @
34 S Rolth. olu) AB S-S Fuste] 42A 9
WAEES FESE 4TS AASGHAE FHUgL A

Zxlo] 47]¢ ARE 4& ¥ U= ALE &4 I
(Sharma & Alderson, 2005; Cho et al., 2006).

2421 Z2HWAIZ(UV hormesis)oll oJ3f #4H& 253t
A =W &FFo] &2 (anti-fungal compounds)?] A o]
FEHY I 229 FFo] FUHL, o|2 A3 F#Aol
e BusEty itk R B, ALHe g #f
FETBo] AFAHE TN HELHN
(phytoalexins)®] 4843 = =4, scoparone(dl], 6,7-dimethoxy-
coumarin), scopoletin(¢]l, 7-hydroxy-6-methoxycoumarin), pheny-
lalanine amonia lyase(PAL), peroxidase enzymes, pathogenesis-
related(PR) proteins(¢ll, chitinases, B-1,3-endoglucanases) &
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144 283, A2, AFH, Aee, w714, Aed, IAE, o=

3 e EF A vk A+ BaE vk Joh(Droby
et al., 1993; D'hallewin et al., 1999; Porat et al., 1999).
3 2o 294, AICL, &F ToZ2 AFE FA =HH
Botritis cinerea A& EZZA] stilbene-like phytoalexins
(dll, 3,54-trihydroxystilbene), PAL, peroxidase enzymes &
3} 7+ EFo] f =¥ H(Nigro et al, 1998; Cho et al,
2006).

IEYALE L5t JAHY SA4S 2Fs A & A
FARE B Qo 3 44 FAshe AR
of| & &l (ethylene), Z2] ¢} (polyamine) 5| J=Hl, 55
(climacteric) ZHA oM A A o2 A== dd@ o] &HA|
Z 1 (autocatalysis) 24 H&E o] SAE FHd A
AsE o718 =M, H]F5 3 (non-climacteric) 4 €]
A= F2REH F ¥ o E (exogenous application
of ethylene)o] 2 o §5% AHF L AL A
AWA Azt AdtEe AR deiA ThSeymour et
al,, 1996). o]&1gt &4 HA A Egoldlz qEddAE §-
adenosylmethioninedl] thal A §shs EFZE olal=a Q1o
o UV Al s Eolrl FEE FHAA s4& A
dshe &34 71U & Ao 3k EvtE) 294
2 Aaife o, ErkEe] 457 F7ta A4Est 9
oAxe @S LAY F ANeH, ol YL F40]
A€ A2 34 = A tHMaharaj et al., 1999).

olg} Zo] IEHALE o] g3t L Freste 22
EL iR fEGHMo g JESHALS 2 A7 F
A EAZA #AY o] e Edolth. £x9 7Y,
G 2H) 2L E 2 (resveratrol) & Ao E2 2 ZHE35l= i
A9l EAEA A7 A7 B¢ 783 EXR
WA it fR e ExFo] g g2 94 (French
paradox: &2 |2 SHRT {3 SHYS THEAA
EAQ EFo] F2uBEEQH, 2= TR U™
o] o] &g HAHqA E=FE FFE Zolt. E&
FEol T Mo g ATt Ex9| HAHHREE TF
S 108 o] FEF F AT B AlEHE o
(Cho et al., 2006).

ZEHAIZE G430 Ao Fojsior & H=E Uk 2
AL DNA7H €454 g3 59 7153 A=Y A=FS
o] g3ty {83 AHE AL F UEF AFY #AE L
3l sEHAAE FHEsor drke Aol #=F 7
Fo = <3l Fahgo] xE 7FsAel A7 HECIH
Ao oz AosiA At efHe EAELS 98 7t
A7} Utk dE B9, EvlEoA B4 d4 @A, 27]
ZAoN Z2W 2 Az @ 24, EFoldA Z¥ 53
A 2, oA uAS e S4B, EvEAA
=3} A @A So|th(Sharma & Alderson, 2005).
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£ AdFdME UV-ASH UV-CE A1 & e &3
AA Ao, 4o F8, WAbEo], WA 2
Ag B34 2714 7R ouR] #3Fe -3 A1)
Ao £3-2 WA (radiometer, model: VLX-3W, Cole-
ParmenZ &3tk &9, @7]9 A& Ad F,
0°Ce} 20°C AR AA3L, 1, 2, 4, 6, 8, 1080] A
39S we] 2 HatE FAEa.

BN

B AToA s Fakard (pelargonin)a} Alobd (cyanin)2]
S HPLC 24l o8 43ttt 80%2] MeOH}
50%<] MeOHZ 3]ATE7|E o] &3td D725 H dHE
F(pheholics)E FZ33th 28 A 5T LA =
2t Hx AF% 3¢9 3mLe 5mLe MeOHS 713 th
< 022um YL E ZE(nylon filte)E AZFE FH tho] o
= oj#olF =9 7E7|(diode-array UV detector)E 7+
7l HPLC(Agilent 1100 Series)oll F&tct Zd-e 94
(reverse-phase) C-18(5 um, 4.6x 150 mm, Hewlett Packard)
€ AH$3H3Th HPLC £4 24L& o33 2tk MeOH/
waters S| 2 3t vl (gradient) =7 3FlA 1 mL/min
9] FEEEE 358 FFAAL oW A8 FUAFLS
20 uLel A, &uje] ) =4S 55:45 MeOH/water®= 3}
Atk 398, FEFEZEE Sigma(USA)e] et} Ao}
dg 793t AHS-3HA T

=2 gt

719] F4& Brtslr] fgte 2719 FA, 4o, &,
Aol ¥}7)(Hunter L), %4} = (Hunter a), 34 = (Hunter b),
A%, BE, A7IMEE, pH 5 FA3At. 2719 A4
& A2}1A| (model CR-400, Konika Minolta, Japan)E ©]-&-3}
& Hunter YA+2 FASAT AT S5Smm 73] ¥
A7} A2E 4EA19 7] (model Compac-100, Sun Scientific,
Japan)Z &89 oH, old] 4EFEEE S mm/minZ 3H T
@719 B=E Z4317] 95t 35S 72 7](homoeniger)
o] g-3te] E38}al o 7 F(miracloth)E 284 V&2
< AAG &, FHIFE=A (model PR-101, Atago, Japan)Z
2R3ttt ANAEE9 pHE 24 ANAEEZH7)
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(model 130A, Orion, USA)S} pH =7 7](model 720A,
Orion, USA)E =4 34t}

SH 24
A9 Mo wE HEF FFR F29 HE 74
317] $18te] YukA & 2 (General Linear Model)S ©]&
At dRHAF RO FF, AA AUA, AL
2 AFAFE HFE o, 87|19 FA|, do], £, 4
o] ¥7|(Hunter L), A %= (Hunter a), 3+ =(Hunter b),
A, B, A/AEE, dead g, Aopd #F 5ol
e FI8S FASER BA A ol dF " ¢
of tt& W] 9FE wiAstE PSS(partial sum of
tel 7Hd7F 3k A3 (type M2 ¥4
S 2FL 437 91t SAS T2
&AMtk B0 AMEE HolE = &9l <) 3
HHEo 2 ZAE e HHste Ul #F HoE 3ty
W7t B 150572AE2A: [FF 3FIx [R}AAE 5
FEIXARLE 27 xARLTF 7€ £ 27F),
0°ColM AL 743, 28] 20°CAllM e AZLF 35
)02 FHAT

233 0F

B d7qMe 8" D7)d 2AFE Fo| drAzRES
F=38t7] f8td 2%9] A F, UV-A9 UV-CE o4&
st 7+ £F9] dUAE 718 Table 1914 2 vt
9} 7+o], UV-AQ] 7%, 40Wet 200W 3] YZE 30
B st9S o, AENE 27 5.94 mlem?<}
19.38 ml/em?®] zFe] A YA E 718 4 AT UV-CY
739l 40We 190W &3] FZE 30x T WA
RS i, ZH7}F 10.68 mi/em®$} 19.53 ml/em®] AR oY
£ 71 F AT
Table 2914 132 &% 3% x ALJAdA T 5575 x AFY
T 27T x ARLF 7750 mE A M EHE A
HR7) f3l 2719 seF &F, FA, 27, 85, AE,
9E, A7IAEE, pHol g fFog&S yehd Aol
714 fFgE°] 0.0001°]1M FFFEo] 0.01%ZA
99.99%°] &= Ao W a3t t=ria ST 5
V&L ulsls Aot B AFdM e E7)d AAS

Table 1. Experimental materials and conditions

Item Materials and conditions

Strawberry cultivar Maehyang, Akihime, Red pearl

UV energy UV-A 5.94, 19.38
(mifem®)  yV-C 10.68, 19.53

Storage temperature (°C) 0,20
Storage period (days) 0,1,2,4,6,8, 10

Table 2. Significance probability for pelargonin content in straw-
berry

Variable Significance probability (Pr>F)
Strawberry cultivar 0.4479
UV energy 0.1067
Storage temperature 0.1506
Storage period 0.8776

Table 3. Significance probability for cyanin content in straw-
berry

Variable Significance probability (Pr>F)

Strawberry cultivar 0.0497
UV energy 0.0294
Storage temperature 0.4825
Storage period 0.7202

A o Yehhs sle® 39 2 29 ¥ss &
ogHE SRl EAst] Al me FHE s B
37k sk

TAHLE, 2 Ao mE HEF FF HIE B
7] 915t £ ArolA e dEA b (anthocyanin) AL
B2t d (pelargonin)# A|oHd (cyanin)®] #3278 Fot3i
o AEA P AT H ALFAN HY, A5, 3
Mg WA dhe i ARt dEAR HA Hie
7HeEsfel els) SFEAloh d (anthocyanidiny 2 2L oF2
2] Z(aglycone)?] FEI= Woh= wiBA ol B7lde F
2 ¢EAOId Ade BA2A Heuds Alopde] g
Ho} gl Ao 4 A ArhMacheix et al., 1990).

Table 29} 32 27]o] AJHoz AFg FAL o P
Zardst Alopbd Fee] MskE Byt fo8Eg vehd
Rolth. oM B upe} o], B719] Hetards} Alopd
e A7k yehte 498 FF5 &34, A9 A
a3, Al A F AR 2= g AR VI aRE &
&g FHdAM XA &, wE, B8, SR FF
g Fad e Aole fFolgEo] 044792 vEhd
ah, ol2d £ FF7 Bade FFol 552% A=
FEAM dEgx 4T 5 Joenz FF4 ue Az
Fde] FF Aol Avtx  F eS¢ F Atk w
WA, 2719 A& A F AR7I1Zke 2 &
AL o fogEo] 087762 LFERY Alobde] 3HaF wis
= 79 fle AR 4T F o v, 294 A
o we Atade] g zpolo] thFt &5 0.1067=
el S E 89.3%M A2 A2l wet dztad
o FFole W7} AE ROZ AN & AT}, ®gt o}
Yek, 22 A F AZLES 0°csk 200C2 2 B3
< o Fade] FFe FASE 0151, AFE B4
oA 84.9%NA WstEl= Aoz T & ok
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Fig. 1. pelargonin contents in UV treated strawberries. (UVA-
5.94: 594 mJ/cm’ at UV A; UVA-19.38: 19.38 mJ/cm’ at UV A;
UVC-10.68: 10.68 mJ/cm* at UV C; UVC-19.53: 19.53 mJ/cm?
at UV C)
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Fig. 2. Cyanin contents in UV treated strawberries. (UVA-5.94:
594 mJ/cm’ at UV A; UVA-19.38: 19.38 mJ/cm? at UV A;
UVC-10.68: 10.68 mJ/cm* at UV C; UVC-19.53: 19.53 mJ/cm’
at UV C)

B, BEAALE olgale] HERY B AYINEA
4ee 204 3w, 49 At BASA s
o} e, & AFANE 219 AN AE AL

£39)

i HAeR $F st Fulste vehg F gle
Azt TAE AESIALH, o] ZH3E Table 47 130
AAsATt W, 23, SE Br)A A, 7], A,
AZ, B, A7|AE%, pH 5 E€ Z2 A= £ 7+
Zpol7h e AR YEiETh &, A7) 789 FAAAE
W, A8, R FFL Aole A AE A %

Table 4. Significance probability for weight of each single straw-
berry

Variable Significance probability (Pr>F)
Strawberry cultivar 0.0001
UV energy 0.0190
Storage temperature 0.0565
Storage period 0.0002

Table 5. Significance probability for length of each single straw-
berry

Variable Significance probability (Pr>F)
Strawberry cultivar 0.0001
UV energy 0.7062
Storage temperature 0.0322
Storage period 0.0001

Table 6. Significance probability for width of each single straw-
berry

Variable Significance probability (Pr>F)
Strawberry cultivar 0.0001
UV energy 0.6645
Storage temperature 0.3968
Storage period 0.0001

Table 7. Significance probability for lightness component
(Hunter L) of strawberry

Variable

Significance probability (Pr>F)

Strawberry cultivar 0.0001
UV energy 0.0894
Storage temperature 0.1988
Storage period 0.0351

Table 8. Significance probability for red component (Hunter a)
of strawberry

Variable Significance probability (Pr>F)
Strawberry cultivar 0.0001
UV energy 0.7710
Storage temperature 0.3493
Storage period 0.1963
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Table 9. Significance probability for yellow component (Hunter
b) of strawberry

Variable

Significance probability (Pr>F)

Strawberry cultivar 0.0001
UV energy 0.6231
Storage temperature 0.0253
Storage period 0.0001

Table 10. Significance probability for firmness of strawberry
Variable

Significance probability (Pr>F)

Strawberry cultivar 0.0001
UV energy 0.5175
Storage temperature 0.0090
Storage period 0.0001

Table 11. Significance probability for soluble solids of straw-
berry

Variable Significance probability (Pr>F)

Strawberry cultivar 0.0001
UV energy 0.2030
Storage temperature 0.0035
Storage period 0.0040

Table 12. Significance probability for electrical conductivity of
strawberry

Variable Significance probability (Pr>F)
Strawberry cultivar 0.0001
UV energy 0.0410
Storage temperature 0.2225
Storage period 0.0001

Table 13. Significance probability for pH of strawberry
Variable

Significance probability (Pr>F)

Strawberry cultivar 0.0001
UV energy 0.2110
Storage temperature 0.4464
Storage period 0.0001
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