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Table 1. Changes in quality of crisphead lettuce during transpor-
tation

. after after transportation

Characteristics harvest

PTC VCC VCA

Temperature (C) 245 256 164 47 9.8

Ascorbic acid (mg%) 3.0 7.0 74 79 7.8

Surface color L-value 728 720 723 727 724

a-value =177 170 —172 —176 —174

b-value 20.3 210 209 204 207

Chlorophyll (ug/gfw) 486 468 473 481 479

Sensory score” 5.8 43 48 49 AF

Transportation time, 7 hours; outer air temperature, 23~32C.
DMeans not followed by the same letter are significantly different
from one another(p<0.05)
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Fig. 1. Changes of temperature of crisphead lettuces during sto-
rage at various temperatures after vacuum cooling and transpor-
ting with 5C cold car. O—0, 0C; A—a, 5C; O—0, 15C.
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Fig. 2. Changes of temperature of crisphead lettuces during sto-
rage at various temperatures after vacuum cooling -and transpor-
ting with a insulating car. 0—3, 0C; A—a, 5C; O—0, 15C.
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Fig. 3. Changes of temperature of crisphead lettuces during sto-
rage at various temperatures after vacuum cooling and transpor-
ting with a covered truck. 0—01, 0C; a—a, 5C; O—0O, 15C.
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Fig. 4. Changes of temperature of crisphead lettuces during sto-
rage at various temperatures after transporting with a covered
truck (without vaccumm cooling) 0O—03, 0C; A—a, 5¢C; O—0O,
15C.
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Fig. 5. Changes in the weight loss of crisphead lettuces during
storage at 0C. @—@, VCC; [1—01, VCA; O—0O, PTC; m—m, NT.
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Fig. 6. Changes in the weight loss of crisphead lettuces during
storage at 15C. @—e, VCC; 00—, VCA; O—0O, PTC; m—m,
NT.
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Fig. 7. Changes of ascorbic acid content of crisphead lettuces
during storage at 0C. @—®, VCC; 0—0, VCA; O—0O, PTC;
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Fig. 8. Changes of ascorbic acid content of crisphead lettuces
during storage at 15C. @@, VCC; 01—, VCA; 0O—0O, PTC;
m—m NT.
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Table 2. Changes of L, a and b -values of crisphead lettuce during storage at 0T

Storage period (day)

Hunter color Treatment
5 10 15 20 25 30 35 40
L-value NT 720 68.1 63.0 610 573 54.6 519 49.8 443
PTC 72.3 684 64.2 63.1 60.2 554 54.1 519 494
vCC 72.7 69.9 67.2 64.3 612 59.8 58.1 573 56.2
VCA 724 68.7 66.5 639 60.8 581 573 56.6 54.9
a-value NT —-170 —155 —12.7 —102 -84 —78 —6.2 ~34 —13
PTC —172 -15.7 —134 ~116 —92 —86 —-71 —49 -37
VCC —-176 —159 —14.8 ~129 —11.2 —10.2 —84 —65 —58
VCA —174 —158 —149 —12.6 —10.8 —95 —80 —59 -5.0
b-value NT 210 22.2 239 258 269 29.1 30.2 321 349
PTC 209 220 234 25.0 26.4 280 29.3 312 323
VCC 20.4 218 224 239 25.1 26.8 28.1 294 306
VCA 20.7 219 23.0 242 259 274 289 30.1 310
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Table 3. Changes of L, a and b -values of crisphead lettuce during storage at 15T

Storage period (day)

Hunter color Treatment

0 1 2 3 4 5 6 7
L-value NT 72.0 654 583 53.2 488 435 391 318
PTC 723 66.6 59.1 55.8 504 451 40.3 346
VCC 72.7 68.3 62.7 581 534 492 48 399
VCA 724 67.9 60.8 574 52.1 473 423 381
a-value NT -170 —141 —11.3 —82 —43 —28 -19 —03
PTC —17.2 —144 —119 —88 —49 —31 —20 —06
VCC —176 —152 —128 —103 —6.2 -39 —28 —-13
VCA - —174 —149 —12.3 —98 —58 —-33 —22 —-11
b-value NT 210 230 254 271 288 327 340 35.7
PTC 209 223 249 269 289 314 339 3438
VCC 204 214 235 254 276 290 303 312
VCA 20.7 216 240 26.1 283 30.1 317 328

Chlorophyll (ug/gfw.)
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O 1 1 A 4
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Fig. 9. Changes of chlorophyll of crisphead lettuces during sto-
rage at 0C. @—@, VCA; 0—0O, PTC; ©0—-0, VCC; m—m, NT.
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Fig. 10. Changes of chlorophyll of crisphead leituces during sto-
rage at 15TC. 0-0, VCA; 0—0, PTC; @—e, VCC; m—m, NT.
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Table 4. Changes of organoleptic characteristics of ‘crisphead lettuces during storage at 0T

Storage Period (day)

Characteristics Treatment - : -
1 5 10 15 20 25 30 3H 40
Discoloration NT 432 4.30 381 328 3.00 2.78 2.54 2.18 149 1.29
PTC 480 4.80 390 345 315 302 2.73 2.39 212 184
vCC 487 4.86 468 464 446 424 408 360 314 295
, VCA 484 483 4.60 454 431 402 385 324 301 281
Wilting NT 472 4.70 451 449 419 382 351 3.36 321 298
PTC 474 471 469 455 424 411 399 384 342 306
VCC 485 4.85 485 481 449 442 434 418 4.02 346
VCA 484 482 4.80 471 434 425 424 409 398 324
Texture NT 472 470 452 441 4.02 388 379 363 311 2.89
PTC 477 4.76 462 459 431 424 411 4.00 382 302
vCC 4.85 4184 484 482 450 444 429 417 400 339
VCA 484 483 482 480 446 429 4.27 411 39 318
Decay NT 411 402 369 314 301 285 262 239 2.09 156
PTC 430 429 384 320 322 302 284 251 2.19 194
VCC 469 464 451 449 425 4.12 387 349 312 2382
VCA 466 461 442 429 421 4.06 379 328 299 271
Overall Acceptance? - NT 438 434 4.00? 3640 340 315* . 28% 2.64° 2.26° 1947
PTC 461® 460® 4.14° 3.76° 354 338 319 291 258 2.28*
VCC 4.80° 478 468 465 440° 426° 4.10° 376 343 3.08°
VCA 478 475 461° 451° 429" 411° 3.96° 354° 3.33 292"

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

Table 5. Changes of orgnoleptic characteristics of crisphead lettuces during storage at 15T

Storage Period (day)

Characteristics Treatment
0 1 2 3 4 5 6 7
Discoloration NT 432 401 342 3.19 2.85 224 2.06 1.82
PTC 4.80 435 381 361 314 2.58 2.26 201
VCC 4.87 471 414 392 352 311 290 252
VCA 484 442 404 371 339 300 272 244
Wilting NT 4.72 421 339 298 2.90 231 212 193
PTC 474 4.36 3.80 359 312 264 231 2.00
VCC 4.85 4.69 4.16 381 349 3.10 308 2.76
VCA 484 451 401 371 334 2.99 2.78 254
Texture NT 472 421 340 2.98 2.89 233 214 189
PTC 477 4.37 3.82 361 310 2.66 233 212
VCC 485 470 416 383 351 312 3.00 2.77
VCA 484 449 402 3.69 329 3.00 281 260
Decay NT 411 432 329 3.00 2.65 212 1.98 177
PTC 4.30 400 371 329 304 2.74 249 202
VCC 469 422 400 372 334 312 2.86 249
VCA 466 414 398 354 3.19 304 2.66 231
Overall Acceptance? NT 438 4012 337 3.06° 2.807 2222 2.05° 1.84°
PTC 461* 4.24° 37 350 3.10? 265" 2.35% 201*
VCC 4.80° 454b 410" 3.82" 345° 3.11° 295 2.59°
VCA 478> 436® 401° 365" 331 301 2.72% 243"

Means not followed by the same letter in the same column are significantly different from one another (p<0.05)
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Freshness Prolongation of Crisphead Lettuce by Vacuum Cooling
Byeong-Sam Kim*, Dong-Chul Kim, Se-Eun Lee, Bae Nahmgoong, Mun-Jeong Choi, Mun-Cheol Jeong (Korea Food
Research Institute, Song-nam 463420, Korea)

Abstract : The improvement of distribution system and freshness prolongation of crisphead lettuce were carried out
through vacuum cooling and distribution under the low temperature. Lettuce that vacuum-cooled and transported
by cold storage car was shown better freshness than that distributed by conventional method when they arrived
at cunsuming area. And it took 10~17 hours until their temperatures arrived at same temperatures when they
were stored at 0~15C cold storage room. It was cooled to 1C after 27 minutes with vacuum cooling apparatus.
The weight loss of lettuce that vacuum cooled and transported by cold storage car was below 5% after 30 days
cold storage. And ascorbic acid and chlorophyll retentions were 86% and 52%, respectively. The shelf-life of crisphead
lettuce, distributed by vacuum cooling and cold storage car transportation, was 5 days at 15C and over 40 days
at 0C, respectively. However, when it was distributed by conventional method, it was only 3 days at 15C and 20
days at 0T, respectively. '
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