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ABSTRACT

This study was carried out to analyze the effects of preservation temperature and relative humidity to
the physical properties of corrugated fiberboard boxes for fruit and vegetable packaging.

The preservation temperature did not affect severely to physical properties of corrugated fiber-
board. Relative humidity was a major cause of corrugated fiberboard box quality deterioration. The
burst and compressive strengths of experimental boxes measured with Mullen high pressure tester and
ring crush tester were decreased gradually as relative humidity increased from 55% to 75%. But, the
strength properties slightly decreased relative humidity at 75% or higher. This tendency was the
greater for single wall (SW) corrugated fiberboard box than that for double wall (DW).

It is suggested that development of the water-resistant corrugated fiberboard and box be needed that
can be used under the condition of low temperature and high moisture content, which are being
employed in the cold chain system.

Keywords : corrugated fiberboard box, moisture content, temperature, relative humidity, burst
strength, compressive strength, cold chain system
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Table 1. Experimental corrugated fiberboard box dimensions

Fruits Weight (kg) Dimension (L X W X H, mm) Remark
Cabbage 10 510 x 360 x 190 0200 type
Potato 10 440 x 330 X 240 0201 type (old A1 type)

Table 2. Corrugated fiberboard boxes and its physical properties

Friut Box type Base paper combination RCT (kg)* Burst (kg/cm?)*
Cabbage DW (Ist class) SK180/S120/8120/S120/K,200 380 129
Potato SW (1st class) SK180/8120/K,200 265 9.0

* Estimated value calculated from Kellicutt equation.
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Fig. 1. Logistics flow of experimental fruits and vegetables.
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Table 3. Saturation solutions and their relative o}
humidities (RH)
Solution RH (%) 2.3.2 219} 5
Sodium Nitrite (NaNO,) 66
Sodium Chloride (NaCl) 75 ARl ol 8 & HEE AT A 25
Potassium Chloride (KCI) 85 T zwuda rloksld vehtn 9A|nk thAlEE o
Potassium Nitrite (KNO,) 93 2 AR v 2 Ao AF L - L5 Table 494

Table 4. Preservation conditions of experimental vegetables

Fruit Temp.(TC) RH (%) Preservation (Week) Freezing point (C)
Cabbage -1.0~5 65 ~ 90 3~4 24
Potato -1.0~35 65 ~ 90 5~6 -3.5

Table 5. The changes of burst strength in corrugated fiberboard by relative humidity at 20C
(Unit : kg/em?)

Condition
Test 55%RH 65%RH 75%RH 85%RH 95%RH

Vegetable | Cabbage Potato| Cabbage Potato | Cabbage Potato | Cabbage Potato | Cabbage Potato
1 10.8 179 10.6 78 9.8 7.3 7.5 6.8 6.9 5.7
2 10.1 8.8 10.0 8.0 9.1 7.1 8.6 6.4 6.5 55
3 10.5 79 10.1 7.6 9.2 7.8 8.4 6.6 7.5 5.4
4 10.9 8.2 10.1 7.6 9.5 79 9.2 6.7 7.8 5.2
5 11.3 9.1 8.9 8.3 89 7.1 8.1 6.4 7.1 5.7
6 11.5 9.4 10.4 7.9 8.9 7.6 83 7.5 7.3 5.3
7 9.9 9.2 9.5 8.4 9.4 7.9 89 6.7 7.2 5.6
8 10.9 8.6 11.3 7.6 8.9 8.3 8.1 75 6.7 5.5
9 112 8.8 10.7 8.8 9.2 7.6 8.2 69 | 65 55
10 11.8 8.8 10.5 8.7 9.1 7.8 8.3 6.8 73 5.1

Average 10.89 8.67 10.21 8.07 9.20 7.64 8.36 6.83 1 7.08 5.45
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Table 6. Burst strength (BS) loss of corrugated fiberboard by relative humidity at 20

Item Cabbage (DW) Potato (SW)
RH, % Burst strength (average) BS loss, % Burst strength (average) BS loss, %
55 10.89 - 8.67 -
65 10.21 6.2 8.07 6.9
75 9.20 9.9 7.64 5.3
85 8.36 9.1 6.83 10.6
95 7.08 15.3 5.45 20.2
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Fig. 2. Relationship between relative humidity
and burst strength in corrugated fiber-
board at 20C.
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Fig. 3. Burst strength loss by relative humidity
changes.
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Table 7. The changes of compressive strength in corrugated fiberboard by relative humidity at 20 C

(Unit : kgf)
Condition
Test 55%RH 65%RH 75%RH 85%RH 95%RH
Vegetable | Cabbage Potato | Cabbage Potato | Cabbage Potato | Cabbage Potato | Cabbage Potato
1 338 214 322 195 308 189 294 171 181 109
2 321 201 317 198 310 191 296 167 175 111
3 343 213 311 193 306 193 291 167 179 110
4 328 206 318 197 307 194 301 164 185 112
5 329 208 316 197 311 194 302 167 194 115
6 334 201 318 203 309 195 299 170 188 110
7 331 203 321 202 308 198 300 166 175 112
8 325 208 315 199 303 191 295 167 185 111
9 349 206 319 193 305 192 296 170 188 115
10 337 210 320 198 304 191 298 162 191 115
Average 33350  207.00 | 31770 19750 | 307.10  192.80| 29720 167.10 | 184.10  112.00
Table 8. Compressive strength (RCT) loss of corrugated fiberboard by relative humidity at 20C
Item Cabbage Potato
RH, % RCT (average) RCT loss, % RCT (average) RCT loss, %

55 333.50 - 207.0 -

65 317.70 4.7 197.65 45

75 307.10 33 192.80 25

85 297.20 32 167.10 133

95 184.10 38.1 112.00 33.0

Table 9. The changes of compressive strength in corrugated fiberboard box by relative humidity at 20°C

(Unit: kgf)
Condition
65%RH 75%RH 85%RH 95%RH
Test
Vegetable Cabbage Potato Cabbage Potato Cabbage Potato Cabbage Potato
l 489.3 388.2 4554 361.2 4442 345.9 226.5 215.2
2 491.2 376.9 463.5 371.2 431.2 343.6 235.1 213.8
3 488.2 3823 453.2 369.5 436.5 3435 2324 2126
4 483.3 392.1 4512 364.5 429.8 3385 232.6 206.5
5 479.5 386.3 456.4 367.8 429.9 3369 230.1 206.8
6 483.6 3834 463.2 366.3 432.1 339.8 2324 2032
7 482.4 387.6 455.7 361.2 440.2 3473 2322 2109
8 493.6 371.7 453.6 365.4 4312 3412 235.6 215.6
9 479.6 379.5 462.0 361.0 440.3 339.8 234.6 2124
10 483.6 388.2 4574 369.1 439.8 343.5 235.6 216.0
Average 485.43 384.22 457.16 365.72 435.52 342.00 232.71 211.30
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Table 10. Compressive strength (RCT) loss of corrugated fiberboard box by relative humidity at 20°C

Item Cabbage Potato
RH, % RCT (average) RCT loss, % RCT (average) RCT loss, %
65 485.43 - 384.22 -
75 457.16 5.8 365.72 4.8
85 435.52 4.7 342.00 6.5
95 232.71 46.6 211.30 38.3
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Fig. 4. Relationship between relative humidity
and compressive strength in corrugated
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Fig. 5. Compressive strength loss by relative
humidity changes.
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Table 11. The changes of compressive strength in corrugated fiberboard box by relative humidity at 5C

(Unit : kgf)
Condition
Test 65%RH 75%RH 85%RH 95%RH

Vegetable | Cabbage Potato Cabbage Potato Cabbage Potato Cabbage Potato
1 4915 390.1 471.5 3774 459.6 365.4 248.6 2354
2 4894 389.4 469.7 369.7 4542 355.4 239.7 2224
3 485.6 379.2 471.1 376.2 4442 352.6 240.2 231.6
4 487.4 385.6 470.3 375.1 451.6 356.7 2413 230.0
5 489.5 383.2 465.4 371.0 449.8 349.7 237.8 2357
6 488.4 379.4 469.2 369.8 458.6 350.1 236.1 219.0
7 489.6 3844 470.2 370.2 459.7 349.7 2215 2312
8 476.9 386.6 469.5 371.2 459.7 350.6 230.1 2215
9 4814 379.8 468.4 3703 455.8 348.7 229.5 2123
10 484.5 378.9 470.1 365.7 449.9 351.2 2403 2175

Average 486.42 383.66 470.14 371.66 454.31 353.01 236.51 225.66

Table 12. Compressive strength (RCT) loss of corrugated fiberboard box by relative humidity at 5C

Item Cabbage Potato
RH, % RCT (average) RCT loss, % RCT (average) RCT loss, %
65 486.42 - 383.66 -
75 470.64 32 371.66 3.1
85 454.31 16.3 353.01 5.0
95 236.51 47.9 225.66 36.1
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