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Freshness Prolongation of Crisphead Lettuce by Vacuum
Cooling and Cold-Chain System

Byeong-Sam Kim, Dong-Chul Kim, Se-Eun Lee, Gung-Bae Nahm and Jin-Woong Jeong

Korea Food Research Institute

Abstract

Vacuum cooling of crisphead lettuce by pilot-scale vacuum cooling apparatus, transportation under
the conventional and cold-chain systems and distribution were carried out for its freshness prolongation
and application of cold-chain system for fresh fruits and vegetables. Changes in temperatures of cris-
phead lettuce were also measured during transportation. Q,, value for respiration rate of crisphead
lettuce was 1.7~24 and its initial freezing point was —0.2C. Cooling the vegetable to 0T was possible
in less than 30 minutes by vacuum cooling. The shelf-life was extended by more than 90% by the
combination of vacuum cooling and low temperature distribution.
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Table 1. Specifications of vacuum cooling apparatus

Item Specification

Precooling capacity 30 kg-vegetables/batch, 30 min

Vacuum chamber 720 mm(W) X 530 mm(L)
% 1,050 mm{H)
Vacuum pump capacity  350//min

Compressor 2HP
Cold trap temperature —6C

Table 2. Distribution methods of crisphead lettuce
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Table 3. Operation condition of HPLC for analysis of
ascorbic acid content of crisphead lettuces

Instrument Waters model 510

Column Radial pak Cis catridge
Mobil phase Methyl alcohol PIC solution
Flow rate 2 mi/min

Detector Uv 214

Treatment  Distribution method
NT Packing in carton box—*Transportatxon
(covered truck)
PTC Preparation—>Wrapping—Packing in carton
box—Transportation(cold storage car)
VCC Preparation—Wrapping—Packing in carton

box—Vacuum cooling-»Transportation
(cold storage car)

VCA Preparation—>Wrapping—Packing in carton
box—Vacuum cooling—Transportation
(insulating car)
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4. Cooling bath 5. Brine

6. Aluminium sample tube 7. Air
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1. Schematic diagram of freezing point measuring

apparatus
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Fig. 2. Disposition of thermocouples to measure tem-
peratures of crisphead lettuces during transportation by
a covered truck
1-9: temperatures of crisphead lettuces in carton box,
B: temperature of inner space in a carton box, 10: outer
air temperature, 11: main temperature measuring appa-
ratus.
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Fig. 3. Respiration rates of a crisphead lettuce at va-
rious temperatures
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Fig. 4. Time-temperature curve of a crisphead lettuce
for the measurement of a initial freezing point
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Fig. 5. Vacuum cooling curve of a crisphead lettuce
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Table 4. Operation condition of GC for analysis of
COq-gas that produced from a crisphead lettuce

Column Carbosieve S-1I (80~ 100 mesh)
Operation 35C/6 min-32C/min-225C /6 min
Carrier gas Helium

Detector TCD

Injector temp. 230C

Detector temp. 250C
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Fig. 6. Changes of temperatures during transportation
of crisphead lettuces
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B: Finished vacuum cooling and departure C:. Arrival
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Fig. 7. Changes in the weight loss of crisphead lettuces
during storage at 5°C

®—©® VCC, O-0 VCA, ©—> PTC, m—m NT, Lege-
nds are the same at Table 2.
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Fig. 8. Changes of ascorbic acid content of crisphead
lettuces during storage at 5°C
®—® VCC, 0—10 VCA ©0—0O PTC, m—8 NT, Lege-
nds are the same at Table 2.
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Table 5. Changes of temperatures of crisphead lettuces during transpertation from Daekanryeong to Karak whole-

sale market

Measured Location of thermocouple”
time 1 2 3 4 5 6 7 8 9 10 B
Loading
12:00 22.8 216 24.0 225 21.2 22.7 21.0 21.2 23.1 22.6 22.5
12:30 225 216 235 22.0 20.9 22.3 20.7 216 22.8 250 225
Departure from farm
13:45 224 21.7 225 21.3 20.3 216 202 21.2 22.0 23.0 22.0
14:15 22,5 21.7 22.2 21.3 20.3 21.3 20.5 213 21.8 26.5 218
14:45 23.0 219 22.3 21.7 20.5 21.7 21.0 21.3 21.8 28.0 22.0
15:15 22.5 215 22.0 21.8 20.1 214 20.7 21.0 21.3 30.0 216
15:45 22,5 215 215 21.8 20.0 21.2 20.9 20.8 21.1 325 215
16:15 23.1 216 218 22.1 20.1 21.3 215 21.2 213 30.2 216
16:45 234 216 216 22.2 20.1 21.2 21.9 21.1 213 285 214
17:15 239 21.7 219 22.8 20.2 21.6 221 21.2 21.6 32.0 22.0
17:45 245 225 22.3 23.5 20.8 22.2 228 21.7 22.0 28.2 224
18:15 24.3 22.8 223 23.2 20.6 22.0 22.7 21.5 21.9 29.0 222
18:20 Arrival at market
1) refer to Fig. 3
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Table 6. Changes of L, a and b-values of crisphead lettuce during storage at 5°C
St tod (d
Hunter color Treatment orage period (day)
0 3 6 9 12 15 18 21
L-value NT 72.0 67.3 60.8 55.6 534 50.1 45.9 43.8
PTC 72.3 67.3 61.0 56.4 53.8 50.3 46.8 444
vCC 72.7 69.1 64.8 59.2 56.3 52.8 49.3 47.8
VCA 724 68.2 62.4 58.1 54.9 50.1 479 453
a-value NT —17.0 -14.6 —116 —10.0 —8.0 —59 —24 -0.9
PTC —172 —14.7 —12.1 —10.3 —84 —-6.5 —38 —19
VCC —-17.6 -152 ~134 —114 —93 —76 —4.7 —34
VCA —174 —15.1 -129 -10.8 -9.0 -6.9 —4.2 —3.0
b-value NT 21.0 218 239 259 272 304 316 33.0
PTC 20.9 213 23.2 25.0 26.8 293 304 31.8
vcC 204 209 223 23.8 254 271 289 299
VCA 20.7 21.2 228 24.1 259 28.0 29.1 30.2
Table 7. Changes of organoleptic characteristics of crisphead lettuces during storage at 5°C
o Storage Period (day)
Characteristics Treatment! —
0 1 3 6 9 12 15 18 21
Discoloration NT 4.32 4.02 3.82 3.74 3.12 2.61 212 1.72 1.54
PTC 4.80 4.28 4.02 3.89 342 3.27 3.94 2.79 251
VCC 4.87 463 443 4.17 4,02 3.90 3.15 2.98 2.75
VCA 4.84 4.63 426 4.08 3.79 3.50 3. 00 271 2.62
Wilting NT 4.72 4.59 421 4.04 3.72 3.21 2. 99 2.85 2.80
PTC 4.74 4.62 4.29 4.18 391 3.04 3.01 291 2.75
VCC 4.85 4.79 4.71 4.50 4.21 3.99 3.81 341 3.12
VCA 4.84 4.72 4.64 4.39 4.12 3.88 3.71 3.29 3.02
Texture NT 4.72 449 4.23 4.12 3.70 3.20 2.89 2.79 2.73
PTC 4.77 4.59 441 4.22 391 3.81 3.35 3.30 298
vCC 4.85 4.80 4.72 452 4.24 401 3.99 3.52 3.33
VCA 4.84 4.71 4.70 4.24 4 04 3.98 3.51 3.31 3.07
Decay NT 4.11 4.00 3.79 3.69 '3 11 2 72 2.10 1.69 1.53
PTC 4.30 4.29 4.00 3.91 333 3.26 3.00 2.74 249
vCC 4.69 4.62 4.39 4.15 4.00 3.89 3.72 3.34 2.98
VCA 4.66 4.59 4.34 4.10 3.89 3.75 3.63 3.02 2.72
Overall Acceptance  NT 4.38" 4.20¢ 3.94¢ 3.82 3.32¢ 2.85 2.40° 2,09 1.96
PTC 4.61" 440" 4,10" 3.99 3.55% 3.19¢ 2.98" 2.81" 258"
VCC 4.80" 4.68 451 4.27" 4.08° 3.93" 3.56 3.24 295
VCA 78" 4.65" 441" 4.19" 3.93" 371 3.45¢ 3.01™ 2.79%

Yrefer to Table 2.

YMeans not followed by the same letter in the same column are significantly different from one another (p<0.05).
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