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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 5C. 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 45C treatment. The rapid tissue softening occurred when treated with 55°C hot water for 2 minutes.
The 507C heat treatments exhibited the best quality index including texture and color, and inhibited microbial growth
and browning after storage. In addition, the S0°C heat treatment showed the highest vitamin C content and antioxidant
activities (DPPH, ABTS, FRAP assay) after storage. Therefore, the S0C heat treatment can be used to maintain
quality and antioxidant property of fresh-cut ‘Romain’ lettuce.
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FEE 7P et FEE oxom Wrlskslon 545
FE AP R AYE

& A olEd HHE
A RS dAHFvle] P87 Yol il 52 % head

space 7]A| 200 ULE gas-tight syringeZ ]33+ T gas
chromatography(GO) & 415t o]4kstera H ojddl &
TE 345k 358 9 gl S YERRlth o]
AbstebA B4 98 GC(GC-14A, Shimadzu Co., Kyoto,
Japan)¢} oj€dl B8 9]3 GC(450-GC, Varian, CA,
USA)e] =71 t53 Zti(Table 1).

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

Respiration rate (CO,) Ethylene production (CHj)

Detector TCD HD
Column Alltech CTR 1 Alltech Fused Silica
Column temperature 35T 100C
Injector temperature 60C 150C
Detector temperature 60T 250C
Carrier gas He He
24

7 A7 AR 20 g¥ FHste] o] Yu AR
<% tiy] 9ul2] 0.85% BvrE AXAFE sl TE
7] (Bagimixer ®400, Interscience, Yvelines, France)E A&
sle] 183 728} sk Ev ] Wl 45 1 mLE F 35t
of Hatd AeA A7 9 mLA ©@ Al eha AHg-ske]
A EA3s )k o] F ZF @A 39 | mLE 33k
AUk B A (Petrifilm ™ AerobicCount, 3M, St. Paul, MN,
USA)oll HE3F 3 37°Coll A 48A)17HE<t v k3 3 colony
TE S35t log CFU/g= YeERHSITE A3 2 A3
oA A8 = EE 7] autoclave S ©]-8-3t] 12
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7} A2l 7e] &g TR FH ot A9l 05 em
AR Hepflo] 2 go] MES ANF T the 20 mLe] /T
£ 7k 2 F 35TolA] 2413t Bt 5% + o7
A](Whatman No. 2)Z ©3}5}0] microplate spectrophotometer
(Infinite M200 PRO NanoQuant, TECAN, Zurich, Switzerland)
£ o]&3st] 420 nmolXN FHEE ST

Ot

)

|
Hold ool 5542 F st AHESE Als 1 goll
methanol 40 mL-S % 3l sonicator(RK510H, BANDELIN
Eletronic GmbH & Co Berhn, Germany) & ©]-&-38}o] 42
oA 158 7+ F = 044(Sartor1us RC, 0.2 pm,

Gottingen, Germany) 0}04 AL&-3Fd T ¥s sk
Folin-Denis(18) *4'H-2 ¥ 35} é@ } ith % A8
Ll

AIZIT 13 ¥ 2% NaxCOs 160 L= @7} F 37T hAolA
30 &<t ¥Hg- A1Z1 T microplate spectrophotometer & ©]
galo] 700 ol FHES ST Fol FEe
gallic acid(Sigma-Aldrich Co., St. Louis, MO, USA)-Z ©]&
dol B4 BEZNES ALEale] Baasin

Vitamin C
Vitamin C -2 Jagot?} Dani(19)2] S
e sasg ‘i“ﬂb’ AFE st o 5\‘%501’04 v‘i—
gt T AF e A5 1 g9l 6% trichloroacetic acid 20 mLE
H3 0ClA 15%7F W3] £ o] ZK(Sartorius, RC 0.2 1m)3t
o] AFE3F T} od 7kl 200 plell 0.2 N Folin-Ciocalteu 80
]JLE‘ 1=0] o]-/ﬂ oﬂ }\1 10571 u]-_o_}\] 7] ‘5‘ H]-_O_OHQ. micmplate
spectrophotometer& ©]-8-3t%] 760 nmoA] FF=E 5%
It} 273§ == ascorbic acid(Sigma-Aldrich)2 ©]
galo] vHE FFETA S A5} ng/g Fresh Weight2 1}

ANEFES detd o] F5FE F Ballct] AHT
methanol 40 mL< 2 1 sonicatorS ©]-835}<]
Ao 155 1F FE7 F o] 2KSartorius, RC 02 im)3}o]
AHg-B e
DPPH(1,1-diphenyl-2-picrylhydrazyl) radical scavenging
activity = Blois(20)9] ®H-& W ¥ sto] S5k 334
£ 150 pLell 0.15 mM DPPH 200 pL 7}sted &5talar o4
oA 15% 7F WHSAIZL F 517 nmellN §B=E SH 69
t}. AR ¥ 0.15 mM DPPHE 70% ethanol A 5-8-<fof 521

A0 2 517 nmoll A EF =7} 1.000+0.0101 2L AFL-E1

t}. 543 FF =+ trolox(Sigma-Aldrich) & ©]-8-3}o] Tt
E ET340E AHE5He] g Trolox Eequal/g Fresh Weight 2
= Yephlo

ABTS(2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) radical scavenging activity= Re 5(21)2] WHS ¥H3
sto] S8tk Ao AH8-g ABTS €942 phosphate
buffered saline(pH 7.4)] =<1 7 mM ABTS$} 2.45 mM
potassium persulfateS FF O 2 4731 WS Atal & Ao
X 24413 RHEAIA radicale] B/dE =5 stttk 244 3F
< "h-g-A1Z]1 ABTS -89-S microplate spectrophotometer&

o]- g8l 734 nm oA FFEE ZHslo] 1 Fhol 11002
7} | == phosphate buffered saline(pH 7.4)-2 ©]-8-3}o] 3
A1 5 e A8tk ABTS €9 300 uLe} A=
40 ILE EFste] gaolA] 1047t ¥HAIZ] F 734 nmell
AN FEEE SF5IAH S FBETE trolox(Sigma-
Aldrich)& o] &3t e EFFS A5t g TE/g
FWo 2 Yehfiitt

Ferric reducing antioxidant power(FRAP)+ Hayes 5(22)
o] o] wte} 27453tk FRAPS-9-2 300 mM acetate
buffer(pH 3.6)¢} 40 mM hydrochloric acid®ll =<1 10 mM
2, 4, 6-tripyridyl-S-triazine(TPTZ), 2] 1L 20 mM iron(IIT)
chloride(FeCly) Z 10:1:12 4]0 37°Col|A] BHst & A}ﬁo}
St} Al&E 80 pLol FRAP reagent 240 L= 9o &= &
37Tl A 304 2F REGAIZ] F WhE A2 593 nmol| A
THEE ST 58T FFET Trolox(Sigma-

Aldrich)Z o] &3&to] THE BFFA S ALg3to] g TE/g
Fwo =z Yehjigich
EAEN
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test(p<0.05)5 AAIst] EAA FoddS
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Table 2. Effect of heat treatments on the sensory properties in
fresh-cut ‘Romaine’ lettuce after 5 storage at 5T

Decay’  Texture Breaking  Color Flavor ~ Preference
CTY  54%06™ 58408 8409° 36t09° 40t07° 3.8+08°
45C  60:07° 62:08° 84+09° 52408 72405 5.8+08°
50C  78+0.8" 7805 86+0.6' 80+00° 7.6£09"° 82408
55C  10t0.0° 10+00° 68+08° 1.0:00° 1.0£00° 1.00.0°

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

ICT, Room temperature water treatment.
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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 5T

Respiration rate Ethylene production

(CO, mlLjkg - hr) (GH, uljkg - hr)
0day 4 days 5days  Oday 4 days 5 days
C” - 519+50™ 47.1+44™ 25:11° 280459" 47415
45°C 538431 584+1L1° 292425 173837
50C 60.1420"  613+0.1° 864310 55436
55°C 585440"  419+15" 18.0:7.1 6411

"Mean with different superscript letters in the same column are significantly different
at the 5% level.
‘)CT, Room temperature water treatment.
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Fig. 1. Effect of heat treatments on the total microbe in fresh-cut
‘Romaine’ lettuce after 5 storage at 5T.

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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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 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. 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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