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Abstract

The term hormesis is defined as stimulation by low doses of any potentially harmful agent. In the food industry,
many attempts were made to apply hormeric phenomena to the process of improving food storage or increasing
functional molecules in food. In this study, we reviewed the results of hormetic treatment including pressure, ion-
izing radiation, ultraviolet, heat and atmosphere modification from a variety of fruits and vegetables. The hormetic
effects were quite diverse depending on the kind of food, cultivar and experimental environment. It was therefore
difficult to derive the exact and consistent hormetic influences. Nonetheless, it is significant that this study is the
first attempt to document the impact of various hormetic treatments on food.
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el o] 5429 A=< 2Eh(Kim and Lee, 1998).
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SHAIA 7 =2t REXEHET =2 XO|

SHA 2 71Ed AR S eS AU AE TS
o] g3t AEA ] FHA FHAS 2HFOZH Q7] ¢
she AFHE A9FE fEdte FollA #HeEs 7o
sto}, SHAIRE FAbA R 7 e2 Ul 54 v=
&3 FAAE At o2 AEA
3 ZAATE 71EEA dY A
A FEoM AEAE Fe &S 9
2 7l&e FARAY 7MY A% HE S feske 7]
%o] ofyet @A gAE ™= 7)€ o|ti(Cho et al,

of & AAYENA L AA F FEAA P A= TS
] =

FHAAHFAEA 7 A HEE A 2AY + A
e e FAFEC ko] 1989 W3t 2005 dell 22} 2
AXE g3 Ao AASHATHKIm et al., 2003). <] 7]l
A E FARHFAEA o] IAA a8 AHEAY B
o AEE g ES 29, A FANES FAAEY
AEA ot wul= A3t otFF A3l EYRE, 25, =
F 2 et TEH 2o v|EF AEZ I Y6, 5
AEAE st A=yl 3, T = T
FAAGSA 9 38 B &4 e W3 Fo|th T
S, FRAPAG A EA 7} QA v A= FFe iE] =T
o] Aoz yEsof & AL NME 2F] U
g2 Aol 719 AFH tE 7FsA, €A 8glo]

g 59t 39w 3d bed, R 2
pas

-

T M 3 _@' '-/'?‘
Al 71 wsh HAE 54 52 o3 229 g
Ve, M2 fFaatel AatEe bt yiAlE 54 o
So] Jtial &It Malarkey, 2003). BFA 2]3Z 2] FH|A]

Pressure treatment

_—

e TP eEN Fad o] 34 Zakey
PHE frieshe 7leoleta 2 5 v

SOlAA2| AZ B Al
qEe) 4%, 34 8 AFYL S5k e FRe
e A 482 4% BH 448

4

23 4 = s 4
stk sehe AgEde PABA, s, w4Rs o
2, v 20 M2GEA, AL, BRI, 5o 2 35 5
of Egslol k. Bela AeBAL 9, LA, BA,
23 A% R A7) Fol TPHM £FORE WS &
B

u
HA ] AR dHA o, W2, AEE, VH, 55, A
Aa& 9 7 Sl Fal ol A7t = o] Atk (Luckey,
1980).
A EF Aokl A= Fdolv Aie FJEAWZ
(Phytochemical) 3HgS S7H11717] flste] of2] E2]#<l
2AAFS FE WHS ARkl ghtk(Vigneaultet al., 2012).
TS AEA wol aEsol & HE #U4, &
| =, AFES 771 ddde 484

2 Esjo] 7 Oe] 54 weld AY =4S 4

BN
N,
oX.
ol
o

hos

TAAE Hastsl|of gt}

212 (Pressure) SHIA|A

4 SHAl2 A2 High pressure 37, hypobaric &
4, hyperbaric ¥R EFI 4 AT Vigneault et al,
2012) (Fig. 1). High pressure 3742 o]} 2l 49] ujAl
E oy 84 ¥t E 98 AR& sk W olth
Hypobaric 3782 29 7|&EA & w2 AAL +
Ao 2 Y AgFHor e Aok &3 A F
e FEE AL RS 7IAES AASke S9=
ATHWang et al, 2001). Hyperbaric 3782 At: T8
21 kPaXx.t} &)= &% o|th(Kader and Ben-Yehoshua, 2000).

A THA 2 FE2 AR iy 2719 gl

ER2 she g G4 =2 F Avke He] drh

=5
ol
rr

Hypobaric Hyperbaric
0-0.1 MPa 0.1-1 MPa

High
> 100 MPa

Fresh horticultural crop

[}

Processed food ‘

Absolute Atmospheric pressure

ZEero pressure

Pressure

Fig. 1. Types of pressure treatments used to food industry (Vigneault et al., 2012).
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Table 1. Hormetic effects of pressure treatment in food

Food . .. .
(Cultivar) Experimental conditions Hormetic effects
Cabbage o High pressure treatment e At400 Mpa, reduced the proportion of soluble fiber in

(Heckla, Predikant)

o Treated 400 and 500 MPa at 20, 50 and 80°C

the Heckla at all temperatures whereas no effects were
seen at 500 Mpa (Wennberg and Nyman, 2004)

Mango
(Haden, Maya)

o Hypobaric treatment
e Treated 0.007, 0.01 and 0.013 MPa

o Extended shelf life at pressures 0.01 and 0.013 MPa
(Apelbaum et al., 1977)

o High pressure treatment

o Observed substantial injury at pressures >5 Mpa (Baba

Mume Fruit o Treated 5, 10, 50, 100, 150, 200 MPa under 10°C etal, 1999) .
(Kosyusaisyo) for 10 min e Induced color change and rendered commercially
unacceptable at pressures>100 MPa
e High pressure treatment
® Bacillus stearothermophilus inoculation o HPP: Partial inactivated of polygalacturonase and
o HPP (high-pressure at ambient temperature) groups: activated of pectin methylesterase (Krebbers et al.,
Tomato Treated 300, 500 and 700 Mpa, respectively at 20°C for2 ~ 2003)
(Roma) min o HPS: Reduced contamination in 90°C 1 pulses at 700
o HPS (high-pressure sterilization treatments) groups: Mpa
Treated 700 Mpa at 80°C for 2 pulses, 700 Mpa at 90°C for e HPS: Inactivation of polygalacturonase and pectin
1 pulses and 700 Mpa at 90°C for 2 pulses methylesterase
e 1 pulses=30s
Apple o Hypobaric treatment .
(s];;li‘:/h;{ome, Granny Treated 0.005 MPa at 1°C for 8 mon e Reduced scald after 1 mon (Wang and Dilley, 2000)
o Extended shelf life (Wenxiang et al., 2006)
o Inhibited the respiratory intensity
Asparagus e Hypobaric treatment o Preserved chlorophyll, vitamin C, titratable acidity and

(not mentioned) o Treated 0.035~0.04 Mpa at 3+1°C

soluble solids
o Improved sensory quality
e Delayed the post-harvest senescence process

e Hypobaric treatment

Sweet cherry o Botrytis cinerea inoculation

(Ferrovia), Strawberry

(Pajaro), Table grape Mpa for 4 h

o Sweet cherry and strawberry: treated 0.025, 0.05, 0.075

o Sweet cherry: treated 0.05 Mpa for 1, 2 and 4 h

o Sweet cherry (0.05 Mpa): Disease resistance
(Romanazzi et al., 2001)

o Strawberry: Disease resistance for gray mould (0.025
Mpa) and Rhizopus rot (0.05 Mpa)

(Italia) o Table grape: treated 0.025, 0.05, 0.075 Mpa for 24 h o Table grape (0.025 Mpa): Disease resistance

o Natural infection and Botrytis cinerea inoculation
Sweet cherry e Hyperbaric treatment . .
(Ferrovia), Table grape * Treated 0.15 Mpa for 4 hin sweet cherry and 24 hiin table Disease resistance (Romanazzi et al., 2008)
(Italia) . %rzgxial infection and Botrytis cinerea inoculation

e Hyperbaric treatment . .
(TDO"R‘I?Z 53) T;teallgedc 0.1,0.3,0.5,0.7 and 0.9 MPa at 20°C and 0.1 MPa * ;{t"g‘gfi’)"’%‘ﬁ%g’zﬁi)‘}gpere‘??l?f%f‘g‘mess retention
3 Tl 52 oy ASE, vfE 52 fr5A Al @ARM(lonizing Radiation) SHIA[A
9 BE g B5Ea, 34 A AudE 22 oA A 4948 9@ Be F7bh nase] gou
w5 Ao, qUAZ BE A8 WA 4GS 0@ A AAE ARG ofel g, 4B g EAlE Qg
7FESE 48§47} Jbselth wHoRts, Bad A7 4 Wolyo] kol AR ogshlv} e YETh AE
S} vgshe, o] M gl =¥ WA WA AlE DNA, RNA, 9d $4, £28, 444984,
o} A7 AR A MO 2 Agte] 208 ARAAR D Bold B So| EFEo] ul S Hitsim
The olth E, G AY £ Y 4 x| B 2 A SHA 202871 4] 47k shie] Bolg o
astul, 340l B ¥ 42 ANHR 5Y W) Forh  BoRA dAsks AL wl$ o FrhKim and Lee, 1998)
sttt | mEA S HSATIE AaEed F4 AR srA st 27] Ae R AddEe] W
RS IS 7S F U 4 IrA s dEAY T ARE ©]8F 2ol tHKim and Lee, 1998). &3 WA
AR d@AE FAANA o Agsith o sHALs T dl AAEAS 3, B, 78, 55, 24 7Y 2S5
ol thet A+ A= Table 13+ 7Fo] e 5 AUt 4 W, a3 pAS HAHT] W] g NS A



268 e - =81 -

gtk yA 3 X2 H=g FES F= Ao E WA ¢
gk zpo], & WA} FEAA AEE xS BHE xM
A oA B,y A EE] ) A T
A=, AMEE OlEEe] xAH-e AR o1 X] 7} v,

LUARE FHEORNAM TAF yAo] A E:FB, AF,
&%, #le A, LoldA 55 sl ARSI JdoH, A
A pdo] mAe Gl tet s B2 A7 AP =R
o FEF TASE Aol A AE §F SHAIES A4
= A 22 whet w9 thgstA e vl S
0.00877~43.87 ¥ ©|(Gray, Gy) (0.00000877~0.04387 kGy)
o] W9 HollA ZARIAS W, M= A& 7)o AihEol
S 7F=] 9 2™ (Thaung, 1960), 229} W& AFo] 3=,
FFo] S 7F= Y tHGlubrecht and Niemann, 1971; Igbal,
1980; Sheppard and Evenden, 1986). 22 & EA o] &
=7l Yoy AxESrt E71E 9 I (Korosi and
Krakkai, 1983), S5 ok 57} Ao FIHUL
™ FEFo] S71= Ath(Caldera, 1971). FESH, 33/l SO
HRom, 21E9] Zolrt AR A ES] i gl g
Ak, AEghe]l S7HE ) tiFe s o] Wb A,
#Fo] =715 21 tk(Stan and Croitoru, 1971). 2= 4%
7h, wol FX13 A FR7IZF dEo= g A 1 3]
ool 3 & e 7S K S tH(Sparrow and
Christensen, 1950; Caldera, 1971; Luckey, 1980; Shama and
Alderson, 2005). ErIEE Wolr}l Z718lom A&o] =
A2 FFo] F7HE A Miller and Miller, 1987). HE3H
%717 8 AR &5 HJon, g, Ai, st
£, e C §Fol F7HE AKSax, 1955). 7dF(Sax,
1955)9} 3 (Izvorska, 1973) SolA = A &0 FIE
FFol S7HE = 5 FHA 7R SUlekes ALE B
= ATt

A& o] &3 A A AFER A EFTARY] ol Tl
ol 31, S FX 5o a3t dov, B ¥ uiE
of d3E AxE A7) FEUTHKim and Lee, 1998). x4l
S 0.04385~26.31Gy(0.00004385~0.02631 kGy)2] H$]
ol A S o, Bele 5ol FHE AL (Gaur
and Joseph, 1972), &2 WolHo] F718tA5, 104 B
< 7|7v webg o, e S71E A tHKuzin, 1964). S5
< "ol gk A& o] S5718F 2L (Grisenko and Mazhara,
1968), T vA AL Azpe} HlzabA| dold, AS,
Zo]l Z7138l tH(Gaur and Joseph, 1972). ZAle Eolr)
Z71%] 0 ™ (Jaarma, 1966), ¥lF=(Kuzin, 1964), *4(Sax,
1955)= o, A5, AN}, 7] FX 9 7% F7F 59
2237 AT

A7THA SHAI S AFEC HEE WAL AL
& CODEX <A 57+4 9193 ] WA 2Abx 2] 2 &0
et AWk A (General Standard for Irradiated Foods.
CODEX STAN 106-1983, Rev. 1-2003)°] HAHo] U=

e

oy 4y

RO

A BulA 2 B3 .
webd 230l SEIA2 B3kg 217 SAste] Amsts WAL
M EA2 e el e

F 37t 5 SHAIE aRE A7) S5t WAk e ARSS
g seEts, 2 52 CODEXOIA AAISE HARA %
AP ET} vl B7] oo, AR SAl s K] Al gF
A gk EA= gl Zolgta 2 4 ok wEgh W
AP Al B3t Eddole] AFd Vs E o
22 olf2 Y-S o2 HQItKKim and Lee, 1998). A
, EdWo] = UlFE FdskA o At i
oh SRAIRE WA SHAAS AY AIEe 49 83
HoFm, Ao frlol] dA AFEIE AFRoE
A e Aol Aot EAZ, EA] f7180=
AR A Aol A JehtA] etk whH AR S
2 Ay AFNELS AR MACA Loy, tiAIE o
Al ol A= JERA] 34T

me e fom

ot

XM (Ultraviolet, UV) SHIAIA

ke sHAl A FAL AL Ak EHe] QHEE
AA, AEANZ TF F7h A2lA 713 (mechanism)S
P o ZA AR FAY AFEE T A
skl ke FA otk o] FAC gk THAE A=
ojn] 3 Ejof lom, Ao FEoA AE WUAA AA
a5 gl dHo R, ALJA TuA A IS
wdstatz)ol w9 o, EFet #dste] A BA
o] JEThE Zloltt. ZALEFo] ALHERiTE thEA] 485
ojok 3, AakEo] z+e Lrzjo| A F JTFS
7HAE  ATh B SHA]L A o] o] Hof
UA T Beg AFA A7) v SR 8e] gk AR
gk 27} v sttt

2 EA o A EHA|LE o] &3t BPES Fdte
EZEL2 YEE ¥ E L2 (phytoalexin)©] ©H(Cho and
Pyee, 2006). T EL AL HZ 1177154 EA2A #A
o] thde] e Edolth 2 F, d W 2E S(resveratrol)
S A EF R 2Hgshe U BAEA A7k A
A7V E WS- ed BAR, FEF UEF S0l
= EEC] it 2k s
A& A A, X5 58 o]F ALHo R AF3i e
u], Red globeZolME Hth 2316 wi7kA] g 2H2tES g
o] S7H=E o] Bl ¥ 9 tH(Adrian et al., 2000; Cantos
et al., 2003). 3+, Cho et al(2012)2 ZEo] UV SHA X
= AE39e 1 YR ol e 24 Yehde @
ZHZHEE STEALS 734 S sidate] FFHL

2 FAE
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A2HER ol SJoE 49102 HAFAHNY 241

dozd &%, Wl 59 AAE 22, nEAnZo] A
HE AL AT AH BUAZ AFE Bol ol Fold

ST}, Table 2& 2] Eol|A12] AFL)A ZAbol| gk SHA] X~
AT AHER, T2} <HZ (optimal) ]2kl A A EHA S

Table 2. Hormetic effects of UV treatment in food

ZAg-olvt A 202 sttt Table 20 Hel® A
TES AAe) A2 M RN HA 0125 kiim’~
QAN A 9] L 9kI/m’E %s}ozu} Aﬂl PATIPS IS
o , A

“?‘i“(Llu et al,

Food . . .

(Cultivar) Experimental conditions Hormetic effects
Apple e Penicillium expansum inoculation . . .

(Red Delicious) o UV dose: 7.5 kl/m? e Disease resistance (de Capdeville et al., 2002)

Cactus Pear (Gialla) e UV dose: 0.75 kJ/m?

¢ No effect on rate of decay (Piga et al., 1997)
e Observed damage on skin

Cherry e Botrytis cinerea and Moniliniafructigena

(several un-named inoculation ¢ No effect on fungal development (Marquenie et al., 2002)

cultivars) e UV dose: 0.5~15 kJ/m?

Grape : ﬁiﬁrgzzec.lge{;gjz(ﬁ;ﬁgon e Disease resistance (Nigro et al., 1998)

(Italia) « Optimal UV dose: 0.125~0.5 kJ/m? e Doses above 1.0 kJ/m*resulted in skin discoloration

Grapefiuit e Penicillium digitatum inoculation e Disease resistance (D' hallewin et al., 2000)

(Star Ruby) e UV dose: 0.5~3 kJ/m? o Increased levels of scoparone and scopoletin
e Optimal UV dose: 0.5 kJ/m* e Rind browning andtissue necrosis occurred at doses of 1.5 kJ/m?
e Penicillium digitatum inoculation

Kumquat (Nagami) e UV dose: 0.2~15 kJ/m? e Increased levels of scoparone (Rodov et al., 1992)

e Optimal UV dose: 1.5 kJ/m?

e Penicillium digitatum inoculation
e UV dose: 0~15 kJ/m?
e Optimal UV dose: 5 kJ/m?

Lemon (Eureka)

e Increased levels of scoparone (Ben-Yehoshua et al., 1992)

e UV dose: 4.9, 9.9 kJ/m?
e Optimal UV dose: 4.9 kJ/m*

Mango
(Tommy Atkins)

¢ Improved appearance and texture (Gonzalez-Aguilar et al., 2001)
e Disease resistance

e Induced spermidine and putrescence

e The higher dose induced senescence

Orange (Biondo
Comune, Washington
Navel, Tarocco,
Valencia Late)

¢ UV dose: 0.5~3 kl/m?

e Disease resistance (D' hallewin et al.,
e Reduced decay at doses of 0.5 kJ/m?
o Increased levels of scoparone and scopoletin

1999)

e Penicillium digitatum inoculation

Orange (Shamouti, [y goce: 0,215 kJ/m?

e Increased levels ofscoparone (Rodov et al., 1992)

Valencia) e Optimal UV dose: 9 kJ/m?
o Monilinia fructicola inoculation : ]S)Sla{:gszl(li)eertlén%egsete\:)?ii;ti(2;11.’ 1998)
Peach (Elberta) o UV dose: 0.84~40 kJ/m? pp yiene p

e Optimal UV dose: 7.5 kJ/m*

e Increased phenylalanineammonia-lyase activity
e Increased brown rot at doses of 40 kJ/m?

¢ Natural infection and Botrytis cinerea

Pepper (Bell Boy, inoculation

e Natural infection resistance (Mercier et al., 2001)

Delphin) e UV dose: 0.22~2.2 kI/m*
e Optimal UV dose: 0.88 kJ/m? (Botrytis cinerea)
¢ ﬁ?fg lt;iigz:erea and Moniliniafructicola ¢ Reduced fungal development (Marquenie et al., 2002)
Strawberry (Elsanta) | UV dose: 0.5-15 kJ/m> ¢ Maintained firmness than cqntrol groups but browning and drying of
« Optimal UV dose: 0.5 kJ/m? the calyx was observed at higher doses
e Botrytis cinerea inoculation .
Strawberry (Kent) o UV dose: 0.25~1 kJ/m’ : ﬁ’e‘zel?cd;drzltfloffllst:n(e?s’i‘le‘sczt al., 1999)
e Optimal UV dose: 0.25 kJ/m*
R 2 Cp— : 7
Tomato (Capello) e UV dose: 3.7~24.4 kl/m ¢ Delayed ripening and increased putrescence at doses of 3.7 kJ/m

e Optimal UV dose: 3.7 kJ/m*

(Maharaj et al., 1999)

o Alternariaalternata, Botrytis cinerea and
Rhizopus stolonifer inoculation

e UV dose: 1.3~40 kJ/m?

e Optimal UV dose: 3.6~7.5 kJ/m?

Tomato (Floradade,
Better Boy)

e Delayed ripening at doses of 3.6 and 4.8 kJ/m* (Liu et al.,
e Skin discoloration occurred at doses of 40 kJ/m?

1993)
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1993; Maharaj et al., 1999)%} =3KLiu et al., 1993), &7]
LA oA 2 = AR d(Marquenie et al., 2002), -5
ofo| A 7t H-ufj(Stevens et al., 1998), WL w4
dele]l £4 /3 (Gonzalez-Aguilar et al., 2001) 5°]
Elt) ol Apejido] SAAAE 2] YA sle] FAts)
(photo-oxidation) ¥H3-& ZFZIAIZl Aoz HLAth 48t
sk g oyt FA8ES HaslsAY TS 9]
A= Zhzhe] vt Hof Aol M-S 24da
oo SIA T, AA R FPo] W FF P YA A
7)o Ho} B MgdFEoe] a-H

o}-&d, g M A= DNA AFES #S
T Aoz 2o sua| 2ol HAH ] A &S 93
e A Fe] Ae sk&o] " a3t} 15.0~50.0 KI/m® ¥
A= AAE A3S W, DNAQ 10° Da 9% @
AEFZ7F AT Bd A7t Y kHarm, 1980). ©]
= Table 20 AN AFEoAA A HA AgHTt o
S Aoz Aoalo] AEA ] et M AHFe Hu)
1SKI/m?r| e 2 A Esof DNA Al&Ee] 73 flo] #1¢]
A FHA e HHe) gHE B 5 IS Aotk

1 O

=

2 (Heat) SHAIA

d SHA 2 FAL I (hot water), 5557 ](vapor heat),
A7) (hot air), AFI H FZTIKradio frequency and
microwave) 3302 Wro] HEE F Ut @' A
2 FALE o] de AR HEA e WHoE, o] A
AE S8l A5 AREeH, aFde slE A7 A
4 W 7F = AvhkSiomos et al., 2005; Tsouvaltzis et
al,, 2006). €% SHIA =TS 2x0] AU HdAol
T8, F2 JAA 9 2xgo] HHo] UTh(Vigneault et

al, 2012). ©o] FAHL &% 2HLS xzbo] 4.2 HolH, F

T Aok Aol A
HeRE 583, =
th ol AJAFEe] Wl
7] §tolm, ¥4 olFol=
ZHA =2 Qg ALhE] FFE HLish AlACF St E3,
o] ko= g wat HH e Aol denE Fo3)
o gt}

FZ7] THA2 FHL 40~50°C] 255 FTUIE A
oz dF L3 fHeEE A AsHE W o] th(Shellie
and Mangan, 2000). ©] 37 E3 %9 AU 7Y
Jo] Fash, ul¢ mE EHETt 7hFesithe Aol
o, FE7F AXNAY A& T 2 B34e FAolHE
A 7 STt gk ' SHA| &S] ol ld £
3o 2 Qg wal ol gk 1ol FITh(Vigneault et
al, 2012). o gE I8 IWA 2 FAI vV 2
229 58 QA= +0.5°C o, upghA 2x9] FF

pa|

3

7] SEA 2 B wgolst #F A A AHgEE W
WO = oju] 38-46°CollA 12~96X17F H2|ah= o] A o)
ghe A9e suAls FEo s Bl et
(Vigneault et al,, 2012). €7] IHIA 2= FAHE T2 E& o]
& I vRHAE 2R A #d4ol Fast
o, FE7F AAAY A% 4 2 574 Tl A
] e Aol vk dHogE, tE 48 o g

>
N

% =

AT o] &9 A3k 2-o| F gsirhe Zlolth B3l

e SN L FA R DA ghEo] AT 9] &8

o2 Qg WAl o] o] ler ' Fols|of gt}
aF g SxUERsrA s FFe A4 24

(dielectric materials)ol] AHA o2 AR IS 7tste] & @

A7) w0l tH(Wang et al., 2003). ©] @& A=A}

[e=]

=
s} shgel FUgo] Fashtha Ak Foke 28 YA
FPsae), dxlel SHAL YT e g1kel AT ¢
The Aol 93, QAR 217t 2 ASel s nFAvt

Sxutlu ot 3134 o] th(Vigneault et al., 2012). T o2

)
=

=, AR A 6 dxe 9 Ap5o] #dEA =
gdafjof stk Aolth ol o s dAs d= Qg
a7t s W elolA el EMAlL A5S deih A
o] FEgtEo]l AEX] S A5, HItA FE|o| ALY Fol
ofe] R o]FofA US AF #¥HS BT F glh
ek AJAEo] 871 Qtoll EUe S, €2 A 3l
7F A ¢ glon, ALkl i BE dfole A
&317] o2& ©o] Ut
Table 32 A&

2, AFA7}E & A (optimal)’ o] 2k A A5
A o= At

7] 24 22 34L 192090 Ah FEE Wy
ojitster: FEE = 7] Aol Hdd A= 9
Yopr Apoa AZEJew, 1940 dthe]  Controlled
Atmosphere(CA) #7dH o] 7l¥h=| 1 tH(Raghavan et al., 2004).
CA AZHHE BARES] ol B B5-(H7 51kl 2 739
€ 98l MEEATH, Modified Atmosphere Packaging
(MAP) W& 22 o] ALHES el 7= At

7] 24 24 sHA L FEe ©rleh ] 2o w
UE 4 Aok(Vigneault et al,, 2012). @719} A7) 2z 2
7 ooln 7lsge] grEo] glon, #dstE A o
T e Aol k. B, R AXAY AE Tl
g HEAE vk @] 2&e] S e 24 A
g AYAZE Hom, A Azke] & A =3 W
7t w2l W3t Are FAEE 2 ARtk Y] x

i



2ol o] hormesis &3}

Table 3. Hormetic effects of heat treatment in food
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Food (Cultivar) Experimental conditions Hormetic effects
e Hot water treatment
Asparagus e Heated by immersion in water at 50°C for 5~25 min, e Inhibited postharvest anthocyanin synthesis(Siomos
(Atlas) 52.5°C for 2.5~12.5 min and 55°C for 1~5 min et al., 2005)
e Optimal condition: 55C for 3 or 2 min
e Hot water treatment
Leek e Heated by immersion in water at 50°C for 0~60 min, o Efficiently controlled postharvest leaf extension

(not mentioned)

52.5°C for 0~35 min, 55°C for 0~20 min and 57.5°C for
0~15 min

growth in stalks (Tsouvaltzis et al., 2006)

Potato
(Superior)

e Hot water treatment

e Erwinia carotovora and Fusariumsolani inoculation

o Heated by immersion in water at 52.5, 55 and 57.5°C
forl5, 20 and 25 min

e Optimal condition: 57.5°C for 20~30 min

e Inhibited sprouting or spoilage (Ranganna et al.,
1998)

Satsuma mandarins

e Hot water treatment
® Heated by immersion in water at 52°C for 2 min, 55°C

o Disease resistance (Hong et al., 2007)
o No effect on the respiration rate, quality attributes,

(Gungchun) for 1 min and 60°C for 20 s including pH, titratable acidity, soluble solids

e Optimal condition: 60°C for 20 s contents, weight loss, firmness and peel color

e Vaporheat treatment

o Fruit fly larvae infection
Grapefruit o Heated by immersion in hot water at 48°C, treated
(Citrus vapor-saturated-air (VFA), vapor-pressure deficit air o Killed insect larvae (Shellie and Mangan, 2000)
paradisi) (MFA) and moist, forced, controlled atmosphere

(MFCA) at 48°C

e Optimal condition: MFCA
Grapeftuit
(Citrus
paradisi), Mango o Vaporheat treatment . . .
(Mangiferaindica), o Heated by immersion in water at 48°C, treated VFA and * Observed the highest thermal stress in VFA (Shellie

Orange(Citrus sinensis),
Papaya
(Carica papaya)

MFA 48°C

and Mangan, 2000)

Apple
(not mentioned)

e Hot air treatment
o Penicillium expansum inoculation
e Heated at 38, 42 and 46°C

o Reduced decay (Fallik et al., 1996)

Dragon fruit
(BinhThuan)

o Hot air treatment
o Heated at 46.5°C (Fruit core temperatures) for 20 and 40
min and 48.5°C for 50, 70 and 90 min

o No effect on shelf life (Hoa et al., 2006)
o Efficient for insect control

Almond

(Nonpareil), Apple

(Red Delicious, Golden
Delicious),
Grapefruit(Citrus
paradisiMacfad), Orange
(Citrus sinensis), Sweet

¢ Radio frequency and microwave treatment

o Cydia pomonella, Plodiainterpunctella, Amyelois
transitella and Anastrepha ludens infection

o Treated 1~1800 MHz at 20~60°C

o Decreased the dielectric loss factor of fruits and
insects with increasing frequency at constant
temperatures (Wang et al., 2003)

cherry

(Bing), Walnut

(Juglansregia)

Peach ¢ Radio frequency and microwave treatment ) _ ' ‘

(Prunuspersica) ® Botrytis cinerea and Penicillium expansum inoculation e Disease resistance (Karabulut and Baykal, 2002)

o Treated 2,450 MHz for 2 min
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Table 4. Hormetic effects of Atmosphere Modification in food

Food (Cultivar) Experimental conditions Hormetic effects

Apple N o 0 ® Remained level of anthocyanins (Leja et al., 2003)
(Jonagold, S' ampion) * Treated 2% O, +2% CO, at 1°C for 120 d e Decreased soluble peroxidase activity

Blueberry (Centurion o No effect on weight loss and shrivel (Schotsmans et
Maru) Yy ’ e Treated 2.5 kPa O,+15 kPa CO, at 1.5°C for 6wk al., 2007)

e Maru: Disease resistance

Broccoli floret

o Treated modified atmosphere packaging (MAP), vent
packaging (VP) and automatic misting (AM) at 5°C

e MAP: No effect on level of total carotenoids and
peroxidase activity (Barth and Zhuang, 1996).

(Iron Duke) for6d e Increased level of vitamin C and antioxidant vitamins
Kohlrabi ¢ Treated 5 kPaO,+5 kPaCO, and 5 kPaO,+15 kPaCO, e Delayed the decline in sugars and organic acids
(Kompliment F1) Optimal condition: 5 kPa O, + 15 kPa CO, (Escalona et al., 2006)

Wild rocket « Treated 5 kPaO,+5 kPa CO, and § kPaO,+10 kpacO, * Remainedlevel oftotal flavonoids with 100 mg/100 ¢

(Diplotaxistenuifolia) at 4°C for 14 d

(Martnez-Sanchez et al., 2006)
Incresed level of total vitamin C

e Treated with humidified N, at a continuous flow rate
of 1.67 cm?/s during the first 2 h, and at a 0.83 cm®/s

Peach (Summerset)

flow rate during the specific time-temperature
conditions determined for eachtreatment

o Induced the highest level of ethanol and acetaldehyde
at 20°C for 64 h (Polenta et al., 2005)

e at 10°C forl6 h, at 20°C for 16 h, at 20°C for 40 h, at

0°C 64 h and at 20°C for 64 h

Strawberry (Allstar)

e Treated 40, 60, 80 and 100 kPa O, at 5°C for 14 d

e Delayed decay with increasing level of O, (Zheng et
al., 2007)

o Increased oxygen radical absorbance capacity and
level of total phenolics and anthocyanins at > 60 kPa
O, during the initial 7 days of storage
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