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Effects of Vacuum Cooling on Quality of Ready-to-Eat Lettuces
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ABSTRACT: This research was aimed to study the optimum process parameters for vacuum cooling
of 3 ready-to-eat lettuces namely, crisphead, butterhead and red coral. Furthermore, the storage life of
vacuum cooled lettuces with initial temperature of 22 - 25 °C were also investigated. Lettuces were
precooled using three final pressures of 6.0, 6.5 and 7.0 millibar with holding times of 5 and 10 minutes.
Subsequently, vacuum cooled (4 + 1 °C) and non-vacuum cooled ready-to-eat lettuce were packed in 2
different types of packaging: polypropylene bags (PP) and polyethylene bags (PE) in the ratio of 1
:1:1, then stored at 4 + 1 °C to observe quality and storage life. The results illustrated that the
optimum parameters of 3 ready-to-eat lettuces were at the final pressure 6.5 millibar with holding
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time of 5 minutes. The average overall cycle times of ready-to-eat crisphead, butterhead and red
coral lettuces were 18, 19 and 19 minutes, respectively. Vacuum cooled ready-to-eat lettuces had
better quality and longer storage life than the non-vacuum cooled samples. Ready-to-eat lettuces
packed in PP packaging exhibited better quality compared to the samples packed in PE sample.
Lettuces packed in PP packaging had a longer storage life of 6.2 days compared to a storage life
of 4.7 days for the sample packed in PE packaging.

Keywords: crisphead lettuce, butterhead lettuce, red coral lettuce, packaging, storage life
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Table 1 Optimum parameters for vacuum cooling of ready-to-eat crisphead, butterhead and red

coral lettuces packed in perforated polyethylene bags and measuring indices of vacuum
cooling processes

Value

Parameters Ready-to-eat Ready-to-eat Ready-to-eat

Crisphead lettuce  Butterhead lettuce Red coral lettuce

Final pressure (mbar) 6.5 6.5 6.5
Holding time (min) 5 5 5
Cooling time (min) 18 19 19
Initial temperature (°C) 22.3 23.7 22.3
Final temperature (°C) 4.3 4.3 3.9
Weight loss (%) 2.51 3.13 2.84
Energy consumption (kWh) 2.6 2.6 2.6
Electrical expense (baht/kQ) 0.04 0.04 0.04
300 1 1200.0
Flash point (6 min) 120.0 1200.0
g . . 100.0 1000.0 E
g, 5000 E E 60.0 600.0 g
3 £ ’
200.0 20.0 200.0
T+ 00 0.0 ———p—g——————- 0.0
Time (minute) Time (minute)
—@-Product Temp —&—Room Temp —@-Pressure A —o-%RH —e-Pressure B

Figure 1 The temperature curve and the vacuum chamber pressure curve (A) and changes of
chamber relative humidity during vacuum cooling process (B) of ready-to-eat crisphead lettuce

packed in perforated PE bags during vacuum cooling at 6.5 millibar with 5 minutes holding time
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Figure 2 The temperature curve and the vacuum chamber pressure curve (A) and changes of chamber
relative humidity during vacuum cooling process (B) of ready-to-eat butternead lettuce packed in
perforated PE bags during vacuum cooling at 6.5 millibar with 5 minutes holding time

30.00 1200.00

25.00 l /

20,00 800.00

Flash point {7 min)
1000.00

15.00 600.00

Temperature (°C)
Pressure (mBar)

10.00 400.00

5.00 ! 200.00

000 T P-4 010

0123456 7 8 9 10111213 14 15 16 17 18 19

Time (miute)

—-Product Temp —&—Room Temp —8-Pressure A

120.00 1200.00
100.00 1000.00
80.00 L, 800.00

z
60.00 600.00
ES

Pressure (mBar)

20.00 400.00

20.00 200.00

0.00 - - 0.00
01 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19

Time (minute)

—-%RH —@-Pressure B

Figure 3 The temperature curve and the vacuum chamber pressure curve (A) and changes of
chamber relative humidity during vacuum cooling process (B) of ready-to-eat red coral lettuce
packed in perforated PE bags during vacuum cooling at 6.5 millibar with 5 minutes holding time
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ACLUL (Table 2) Lmzmmmgmﬂﬁuéﬁm
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azuuupuningsniuulfuanasetieie
HEX mﬂmmmmiuuﬂgmwuﬁﬂu A7NN13
naaasuansliifiudndnnianendaudanian
UFn AT I ARIUANRLLLRRISU N AR AZ L
AN InaTINNINNIENAAVENARLAINT AN
uFlnanlddiunisangingiuuugayainia
iavannnsangungilinasednszilnngesin
navendausanfantilna Taednniauenn
HIUN19AA MY RULL LI YINIANAINAR
wanndndnilaidiunisangingiuuy
qryryniatelunismaaesidinnualiinnin
vandnusanfensinanaagnIsiusnELie
fazuuuaninnlaasontiaand 5 azuuu Tag
dnwouzilsingniaueniiuaadiauinsenis
ganfuresiislna wu niswlasududiinia
19Ty Avmanedly warnsiadiImaLTIn
20EAR TIVAIAINNITAAUNNNULLIARYYINA
waziiuinwnguugin1daannisuisla an
nzanedn waznisilasuulamasaTsanen
dediae inlddneuzdsngidunseniied
1151nA uariengn s ALSNEAUNWERAY (Watkins
and Ekman, 2005) LAYENNIANNFAWFAINTDN
13inanussqluge PE dazunummnningsin
deandrdnniavendausanienuilnanussqlu
99 PP Luaeange PP ananantleaiuinnsusiu
183ANNTUlAANT Annafiuiuaesinaeandiaumm
mihgeentiauiuiluussasineildiles danis
wuinm luanmwileandiausinazdosandnsinig
wiglarasudnnadenalidnsnizilngans
nanuaduiiseniuredusinalduiudedy
(Bolin et al., 1977)

@ o
AEYNITENUTNE

218N1TLALINEN TN NI ANDNA AL
wmum‘lﬁmwmmﬂmmmunu 4 + 1 °g Wuin
mﬂmmmummmeaf@um‘Emmmuma‘@m
frUN)RLLLgRY N AR BN NN I AL
65 + 02 U uazdiAnuuanseiuenedile
FIATUNNATE (p < 0.05) Lmu_l?ﬂumﬂmumﬂ
mimmm:m‘ummﬂmmmmmqwmum‘lmmiu
HUN19ang U RLUL N ATIHENYNNS
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UNEWNAL 44 + 0.2 U dnnavenusanien
13nATILseq g PP Hengnaiudnsniinii 6.2 +
0.2 4u wazilAuuAnsgiuet 19t Anymng
ani (p < 0.05) LmLLE‘ﬂumwnuuﬂmmu@mmLm
waﬂuuﬂnﬂmmiﬂum PE Seliangmaviuinmn 4.7
+ 02 W Eﬁqﬂ%ﬂwm@ﬂuuﬂgmuwuﬁﬂu UAZID
AzuuuNsLlszliugninnnsteniulnsulas
N1 5 Azuul DadiuNeengniLiiEedan
m‘hﬂmﬂuwmmummmuﬁm FaRANNAALEY
mmmmﬁmmn ‘Emmnmimmummm@mmmu
ma‘zgmL@ﬂmmnmﬂmﬁmmummqummu uaz
msussinnevessnussniensinalugs PP 3
negry@enimintieandiussqluge PE uazeaasun
FaAzILLANNINIALIIN N3NNI ANBNFRULG
wianialnallangnuniinewihlifiusnenans

TraanszUIUNTNWNLeATuN el TasHARNA 1

NednasaasnunsnineAnnnaesinlieg lussail

unNEAT 48 A1UN 3: 557-566 (2563)./doi:10.14456/kaj.2020.51.

ﬁﬁmuﬂyﬁmué’mmQ’u’?ﬁﬂmmxﬁmﬂmilﬁu
5ﬂmmu%+ (Brosnan and Sun, 2001; Thompson et
al., 2002) TIARNEALNNUN AR BITUE TN LAY
AL (2560) $1ENUIT BIENITINAIMUNE LRI
mevanAaLAsnTanLIlna  (nniavenluuns
uwazdnnavennsulin) Me1un1sangnmnRuLL
ammmﬂﬁu@wmmwmumﬂLﬂumm 8 i T4
mum’]mﬂmmmummumwmuuﬂmﬂﬂmmu
MIAAGIUMANTINENENTINA IR 5 T4 uay
HnnNevaNus N1 INATILISIY LW PP ﬁmﬂmi
mmﬂmmumqmmmu@mLmqwaﬂuuﬂnﬂwmﬁ
Tuge PE Lummnﬂmmuummmwmmmn PP
mmiaﬁ@mumiwmuﬁummmqﬂmmmﬂqq
WaNARNTIAAY ANNTARNIFRY e MIN WAz
Aman 3l v WiRmnaiiangmaviusniiungi
31 (Yimyong and Soni, 2014)

Table 2 Effects of vacuum cooling using final pressure of 6.5 millibar for 5 minutes on weight loss,

appearance of ready-to-eat lettuces compared with non-vacuum cooling for 4 days and

storage life of ready-to-eat lettuces stored at 4°C (all three types of ready-to-eat lettuces

are packed in the same bag)

Method

Weight loss (%)

Appearance (score) Storage life (days)

Factor 1: Precooling

Non-vacuum cooling 0.15+0.01° 470+0.17° 44 +02°
vacuum cooling 0.09 +0.01° 5.80 +0.17° 6.5+0.2°
Factor 2: Packaging
Polypropylene bag 0.10+0.01° 5.60+0.17° 6.2 +0.2°
Polyethylene bag 0.13 +0.01° 490 +0.17° 47+02
Factor 1 * * *
Factor 2 * * *
Factor 1*2 ns ns ns

Values are means + S.E. followed by different letters denote group according to Duncan’s Multiple Range

Test (p < 0.05)
*: indicate significantly different
ns: indicate non-significantly different
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