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Abstract

This study investigated the effect of heat treatments on the quality characteristics of fresh-cut 'Romaine' lettuce
by treating in hot water (45, 50, and 55°C) for 2 minutes. Sensory properties, respiration rate, ethylene production,
microbial growth, browning index, total phenolics (TP), vitamin C, and antioxidant properties (DPPH, ABTS, and
FRAP assays) of samples were evaluated after 5 days at S°C. All heat treatment conditions tested in this study
did not affect the change in TP after storage. Treatment at 45C enhanced respiration rate and ethylene production
wheres decreased vitamin C content and antioxidant activities. There was no significant difference in browning
index at 45°C treatment. The rapid tissue softening occurred when treated with 55°C hot water for 2 minutes.
The 50°C heat treatments exhibited the best quality index including texture and color, and inhibited microbial growth
and browning after storage. In addition, the 50°C heat treatment showed the highest vitamin C content and antioxidant
activities (DPPH, ABTS, FRAP assay) after storage. Therefore, the S0°C heat treatment can be used to maintain
quality and antioxidant property of fresh-cut ‘Romain’ lettuce.
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ZE-ule] U 87 do] yFo] 2% head
space 7]A| 200 pLE gas-tight syringeZ |33 T gas
chromatography(GC) . £4]8to] o]4tstera: 4 oddl &
TE 3431 35 F 9 g TS YeRRQLTE ©]
Absteba B48 9]8 GC(GC-14A, Shimadzu Co., Kyoto,
Japan)¢} ol€dll BAS 93 GC450-GC, Varian, CA,
USA)9] 2112 53 Zti(Table 1).

e,

Table 1. Operation condition of GC for analysis of respiration
rate and ethylene production

Respiration rate (CO;)  Ethylene production (C;Hs)

Detector TCD FID
Column Alltech CTR [ Alltech Fused Silica
Column temperature 35T 100C
Injector temperature 60C 150C
Detector temperature 60C 250C
Carrier gas He He

ries

ZF A Al 20 g¥ Fste] g Ya Al
S div] oule] 085% HE A AFE Tiste] 43
7] (Bagimixer ®400, Interscience, Yvelines, France)E A&
sto] 183 w23} sk Eu e W 45 1 mLE FH 38t
of dud AEAD7t 9 mLA @ A @ B-S ALl
A gttt o] & 7 dA AN | mLS F 5t
LA Bl A (Petrifilm ™ AerobicCount, 3M, St. Paul, MN,
USA)dll A3 3 37°Col| A 4841 7HE< v %3l 3 colony
& 5731 log CFU/g= UEATE AlsaH 2 A
HG A AlEEH = BE 7]+ autoclaveS ©]-&3)] 12
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ZAREE Jung 5(17)9] WS HEst SAs3h
7} Ao MES TSR FHoto] AeT9]olA 05 em
AR o] 2 gof AES ANFT the 20 mLe] SR/
£ H7lslth 1 % 35°Cell A 2A13F B3 53 § o7
A](Whatman No. 2) 2 < 3}5}] microplate spectrophotometer
(Infinite M200 PRO NanoQuant, TECAN, Zurich, Switzerland)
£ o] &3t 420 nmol|X FHEE S Th

Z£H=

AstA el FEF2 F st AT AR 1 goll
methanol 40 mL< ¥ 3 sonicator(RK510H, BANDELIN
Eletronic GmbH & Co., Berlin, Germany)Z- ©]-&-3}o] &
oA 15% I+ FE3 F o FKSartorius, RC, 0.2 um,
Gottingen, Germany)dte] Al-&&tgth % #& 3eke
Folin-Denis(18) W& W3 st 4390t =5 Al=
40 pL2} 1 N Folin-Ciocalteu 50 uL-S &3tate] 18 2F wkg-
ANAE 13H F 2% NayCOs 160 1L 7} F 37C SAollA
30% E<t ¥Eg- A121 % microplate spectrophotometerS: ©]
&3] 700 nmol| A FFEE SA ST FHlE FES
gallic acid(Sigma-Aldrich Co., St. Louis, MO, USA)E o] &
sto] Adet TFEFA S AFEsto] SHitkelsith

Vitamin C

Vitamin C 32 Jagot$} Dani(19)2] Wi S WHale}
STt 2Rl AFE Al o FEE A8
et T AFH S A5 1 goll 6% trichloroacetic acid 20 mLE
23 0T 1587 %X F o ZKSartorius, RC 0.2 ym)3}
o] ALg-sl3itt. oz} 200 pLol] 0.2 N Folin-Ciocalteu 80
LS B3 oA 1087 vHEAIZ] & WhE-91-E microplate
spectrophotometerE ©|-83}°] 760 nmo X THFE=E =73
3t =33 &34 =& ascorbic acid(Sigma-Aldrich)2- ©]
g3lo] ThE RFEFA S AFESHo] ng/g Fresh Weight 2
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o §4%42 & Eist] A3
S ¥ 31 sonicatorE ©] &3}
o] Z}(Sartorius, RC 0.2 1m)3}e]
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DPPH(1,1-diphenyl-2-picrylhydrazyl) radical scavenging
activity= Blois(20)2] " -& Wy sto] SIS0tk FEA1
£ 150 pLell 0.15 mM DPPH 200 1L 7}shed &3talal a4
oA 15% ZF WHAIZ] F 517 nmol| A EFEE =361
o} A8 # 0.15 mM DPPH= 70% ethanol A] &84l =<1

Z22 517 nmel| A FF =7} 1.000£0.0191 AS A3

ABTS(2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) radical scavenging activity'= Re 5(21)2] WH-E& ¥
skl S5tttk Al AH&-&F ABTS &2 phosphate
buffered saline(pH 7.4)° =<1 7 mM ABTS®} 2.45 mM
potassium persulfate S S HF O 2 41 WS ket & A
oA 24713 REEAIA radicale] B/ =5 stk 24413F
% 42 A171 ABTS -89-S microplate spectrophotometer S
o]-gste] 734 nm oA FFEE SF3te] 1 Fhol 112002
7} ¥ == phosphate buffered saline(pH 7.4)< ©]-8-3}o] 3
A1 F Al AHgEkith ABTS €9 300 uLet Al
40 LS &3l 9haoll M 1083 WHg-A1Z1 3 734 nmol]
A FFEE SH5IAE 543 FF == trolox(Sigma-
Aldrich) & ©] &3t W& EFFA S AHESte] 1g TE/g

° 2 YehfArh

Ferric reducing antioxidant power(FRAP)E= Hayes 5 (22)
o] "WiHlof mel =% 3} Tl FRAPS-2-2 300 mM acetate
buffer(pH 3.6)$} 40 mM hydrochloric acidol] 521 10 mM
2, 4, 6-tripyridyl-S-triazine(TPTZ), ~12] 3L 20 mM iron(1Il)
chloride(FeCls)E 10:1:1%2 470] 37Col|A] Ha3l $ ALg-5}
%tk A8 80 uLol| FRAP reagent 240 LS Ho] & &
37CEA0A 308 3 REEAIZ] 5 wHE-S 593 nmol| A
FTFEE =AY =3 FFE=E Trolox(Sigma-
Aldrich) & ©] &3l W& XFF4S A3t ng TE/g
FWo =z Yehfleh

A3 A 3= SPSS Z 2 713(17.0, SPSS Inc., Chicago, IL,
USA)S o] &3te] F4HEA 2} Duncan’s multiple range
test(p<0.05)& AAlste] BAA o4& At
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Table 2. Effect of heat treatments on the sensory properties in
fresh-cut ‘Romaine’ lettuce after 5 storage at 5C

Decay’  Texture Breaking ~ Color ~ Flavor Preference
CT” 54:06™ 58:08 84+09" 3609 4007 3808
45T 6007 62:08" 84209 52:08 72405 58408
50C  78:08" 78+05° 8606 80+00° 7.6:09" 82408
55C  1.0+00° 10+00° 6808 1000 1.000° 1.0+00"

DScale ranging from 1 to 9 (9, very good; 7, good; 5, accept; 3, bad; 1, very bad).
Mean with different superscript letters in the same column are significantly different
at the 5% level.

3)CT, Room temperature water treatment.
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of vl =/ S7ksted 2714 2.5 ¢14 28.0 pljkg-hr=
71 5 O] ghaehe @] e 45C IR
T A 49 o5 odll Y Eo] tETo} FAE 57t
Al B F AR SAFA #=A FAIE AT 50T A2)A
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Table 3. Effect of heat treatments on the respiration rate and
ethylene production in fresh-cut ‘Romaine’ lettuce during storage
at 5C

Respiration rate Ethylene production

(CO; mLjkg - hr) (CHs pljkg - hr)
0day 4 days 5days Oday 4 days 5 days
CT” - 519:50™  47.1%44™ 25:11° 280£59" 47:15°
45C 538431 584:1L1° 292425 17337
50°C 60.1820"  613:0.1° 86:3.1° 55536
55°C 585:40°  419:15° 180:7.1%  64+1.1°

"Mean with different superscript letters in the same column are significantly different
at the 5% level.

JCT, Room temperature water treatment.
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Total microbe (log CFU/q)

Days
Fig. 1. Effect of heat treatments on the total microbe in fresh-cut
‘Romaine’ lettuce after 5 storage at 5C.

The vertical bars represent the standard error of measurements (n=3). Mean with different
letters are significantly different at the 5% level.
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(data not shown).
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Fig. 2. Effect of heat treatments on the browning index in fresh-cut
‘Romaine’ lettuce after 5 storage at 5T.

The vertical bars represent the standard error of measurements (n=3). Means with different
letters are significantly different at the 5% level.
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Fig. 3. Effect of heat treatments on the total phenolics content in
fresh-cut ‘Romaine’ lettuce after 5 storage at 5C.
The vertical bars represent the standard error of measurements (n=3). Means with different

letters are significantly different at the 5% level.
GAE, gallic acid equivalents.
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Fig. 4. Effect of heat treatments on the vitamin C content in
fresh-cut ‘Romaine’ lettuce after 5 storage at 5C.

The vertical bars represent the standard error of measurements (n=3). Means with different
letters are significantly different at the 5% level.

B AFo e AAHe] <29l A5e] ghtsl dS
DPPH 2tt]Z 475, ABTS 2tt]Z 2715, FRAP 5 37t
2l FAY S o] &3t Hrletglon, B
50C A Al A 717F Bt ’6%@}?01 E‘r
of vlgl =A fAE= A2E ASUckFg. 5). DPPH 2t
2750 A5 A% 5L §F Aacted, 59§ T
DPPH 2}t)7Z 2271%-& 1.6 1g TEg FWol1 L 45} 55T
A2 247 1.02} 02 ug TE/g FW=2A, tZ27o]] ]3]
akst drgo] AAls] gkt olo whaj 50T A<
7% 1.9 pg TE/g FWe] 3Hats}l 242 Yehfjo] A% 3
ksl @igdo] 718 = A A1EIUEk ABTS 2ol iﬂ—a
o] Af dx7e A F o4 Wst gigl et 45T
55CeA 48 A9 A% 5 D40l A Hastdod
247} 45, 3.7 ug TE/g FW= Uesit) ¥, 50T A 2]+
© A7 59 ¥ 87 ng TE/g FW=A th& A 2|7+l H]&)
w2 &S JERSITE FRAPS A9 A% F A
e e Holw, 45T} 55T A2l o A Hxrt

rlr

Flﬂ
Hn’.
_1)«
OE
, ol
ES
R



32

Zoleel aTRY e Gaks 84S JeE v,
S0C AR TE 1 B4l 93le] Zrlek AuE ek
oItk Kim 5012 WE, A7), ErhE, 2] 6l Sute g3
2% F G880l Z719ThT Bsg o, Hwang
5 oL okzel Gake BHL AAel Lwsl Azl we)

Z1eda s ols) 2o oje] HudA P 24

b=

BT Hasc M 50°C 557

20

10

DPPH (ugTE/gFW)

0.0
0 5
Days
12 BCT Basc M55°C 055
10
S
~
[*1)
5 6 |
2
e 4
[==]
L
5 L
0
0
Days
50 T BCT D45 Wsoc
g 407
['9
o
w30 [
B g
=2}
2
& 20
<
o
(5
10 r
0.0

Days
Fig. 5. Effect of heat treatments on the antioxidant activities in
fresh-cut ‘Romaine’ lettuce after 5 storage at 5C.

The vertical bars represent the standard error of measurements (n=3). Means with different
letters are significantly different at the 5% level.
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