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A Study of the usage of Corrugated Fiberboard Cartons for
Domestic Fresh Produce and Their Physical Properties:
Focused on a Gyeongsan City, North Gyeongsan Province

Minhwi Kim, Myungho Lee, Athip Boonsiriwit, and Youn Suk Lee*

Department of Packaging, Yonsei University

Abstract In this study, forty corrugated fiberboard (CF) boxes for fresh produce were collected from farms located in
Gyeongsan city and evaluated its characterizations and physical properties according to Korean Standard (KS). The basis
weight, flute, and paperboard combination were determined for the characterizations of CF boxes. The measured basis
weights of all samples were within the tolerance limit referred to KS and the flutes were B/F, EB/F, and AB/F flute,
respectively. The bursting strength (BS), edgewise crush resistance (ECR), and compression strength (CS) were tested to
evaluate the physical properties. There are four single-walled (SW) CF boxes showed BS and ECR higher than 638 kPa
and 3.30 kN/m, respectively. One SW CF boxes showed BS and ECR higher than 785 kPa and 3.43 kN/m, respectively.
In case of double-walled (DW) CF boxes, sixteen CF boxes showed BS and ECR higher than 785 kPa, 4.96 kN/m (AB
flute), or 4.90 (EB flute), respectively. The other nineteen CF boxes showed BS and ECR higher than 981 kPa, 5.29 kN/m
(AB flute), or 5.20 (EB flute), respectively. All the CF boxes except two samples showed the acceptable compression
strength in reference to the guideline of KS.

Keywords Corrugated fiberboard boxes, Water repellency, Busting strength, Edgewise crush resistance, Compression
strength
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Table 1. List of corrugated fiberboards for fresh produce in Gyeongsan city
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No. of Sample | Town of origin Commodity Types (flute) T Dlmens;;)]n (mm) i
1 Wachon 440 330 180
2 Yongseong 440 330 180
3 Jillyang Peach DW (AB/F) 420 330 180
4 Hayang 500 300 175
5 Potato 440 330 255
6 Chili pepper 440 330 275
7 Sweet pumpkin 395 310 200
8 Zucchini 391 317 210
9 Cabbage 490 355 290
10 Chunyang Zucchigni DW (AB/F) 391 317 210
11 Sweet pumpkin 475 265 220
12 Chili pepper 440 330 260
13 Cabbage 545 335 320
14 Potato 450 326 250
15 450 305 195
16 Chilgok Korean melon DW (AB/F) 450 305 195
17 450 305 195
18 Gyeongsan 345 250 120
19 Amnyang Grape SW (B/F) 345 250 120
20 Jain 345 250 125
21 Jillyang 470 314 108
2 Hayang Peach SW (B/F) 471 314 108
23 Grape 545 335 130
24 Peach 471 314 108
25 Plum 510 360 125
26 Gyeongsan Grape DW (EB/F) 412 275 125
27 Peach 500 300 175
28 Grape 440 330 125
29 Grape 545 335 130
2(1) Amnyang Grape DW (EB/F) :gg ;22 ﬁg
32 Grape 550 366 120
33 Wachon Plulron DW (EB/E) 366 275 125
34 Yongseong Grape DW (EB/F) 550 366 110
35 . Grape 440 330 125
36 fain Plufﬂ DW (EB/F) 366 275 125
37 Grape 545 335 130
38 Jillyang Peach DW (EB/F) 471 314 108
39 Grape 440 330 125
40 Plum 510 360 125
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Fig. 1. Apparatus for measuring water repellency.
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Table 2. The description of water repellency test results (KS M 7057)

Results re;:ZﬁLer:cy

The track like water drop stain is continuous with the constant width Ry
The track like water drop stain is continuous but shows slightly narrow width than water drop R,
The track like water drop stain is continuous but shows clearly narrow width than water drop and disconnected in places R,
Half of the track like water drop stain is wet Rg
A quarter of the track like water drop stain is wet with the stretched water drop stain R,
More than a quarter of the track like water drop stain is dotted with the tiny globular water drops Rg
The track like water drop stain is dotted with the tiny globular water drops in places Ry
The water drop completely rolls down Ry
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Table 3. Standard quality criteria of corrugated fiberboards for shipping container (KS T 1061, KS T 1034)

Busting Edgewise crush resistance (kN/m) Restrictions on packaging®
Type Symbol strength i Maximum internal
(kPa) A flute B flute C flute totaivl\?vzlilgl?tm(kg) dimension (mm)?
S-1 638< 3.41< 3.30< 3.35< 10 1200
SW-CF S-2 785< 3.53< 3.43< 3.47< 20 1500
box S-3 1177< 5.12< 4.98< 5.04< 30 1750
S-4 1570< 7.14< 6.98< 7.06< 40 2000
AB flute® BC flute®
D-1 785< 4.96< 4.90< 20 1500
DW-CF D-2 981< 5.29< 5.20< 30 1750
box D-3 1373< 6.39< 6.35< 40 2000
D-4 1766< 8.53< 8.47< 50 2500
D-5 2159< 10.02< 9.94< 60 2750

“Both AA and AC flute are considered as AB flute
"The other DW-CF such as EB or BB flute are considered as BC flute

°0201 type (KS T 1006) of CF is considered as a representative CF for the restrictions on packaging
9The sum of internal dimension of length, width, and height
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Table 4. The characterizations of corrugated fiberboard boxes

No. of | Systems Commodity Paperboard combination Calculated basis Measured Error
sample | (flute) (outer to inner paperboard)® weight (g/m?) | basis weight (g/m?)° (%)
1 SC220/R300/K200/R300/K A240 1260 1274.5+9.4 1.1
2 SC220/R300/K200/R300/KA240 1260 1287.5+9.1 2.1
3 Peach SC220/R300/K200/R300/KA240 1260 12479+ 78 Z10
4 SC220/R250/K 180/K 180/KA240 1070 1094.6 + 9.3 22
5 Potato SC220/R240/K 180/R240/SK 180 1060 1033.1£9.8 26
6 Chili pepper SC220/R240/S120/R240/K 180 1000 9733+ 12.5 2.7
7 Sweet pumpkin| SC220/K 180/K 180/SK 180 760 7852 + 18.5 32
8 Zucchini SK 180/R240/S120/R240/K 180 960 978.5+ 16.5 1.9
9 8‘;;;‘; Cabbage SK180/R240/S120/R240/K 180 960 983299 2.4
10 Zucchini K180/K 180/K 180/K 180/KA180 900 9275+75 3.0
11 Sweet pumpkin|  SC220/K180/K180/K180/KA180 940 955.4+ 12.2 1.6
12 Chili pepper |  SC220/K180/K180/K180/KA180 940 9553 + 11.1 1.6
13 Cabbage SC220/K 180/K 180/K 180/K 180 940 962.7 + 8.4 2.4
14 Potato SC220/KA200/K 180/KA200/KA 180 980 9947+ 13.3 1.5
15 SC220/R300/K 180/R300/KA240 1240 1258.8+9.5 15
16 Korean melon|  SC220/R300/K 180/R300/KA240 1240 1263.9+9.6 1.9
17 SC220/R300/K 180/R300/KA240 1240 12121+ 9.6 23
18 SC220/S120/R300/K 180 820 831.8+ 11.1 1.4
19 Grape SC220/S120/R300/K 180 820 833.4+ 12.1 1.6
20 %GF‘; SC220/S120/R300/K 180 820 834.6+ 10.8 1.7
21 peach SC240/R300/KA210 750 726.4 £ 15.1 32
22 SC240/R300/KA210 750 7759+ 12.1 33
23 Grape SC220/K 180/K200/K200/K200/K 180 1180 1196.2 = 7.9 1.4
24 Peach SC220/K 180/K 180/K 180/K 180/K 180 1120 1144.4+99 2.1
25 Plum SC220/K 180/K 180/K 180/K 180/K A240 1180 1152.5 £ 8.1 24
26 Grape SC220/B150/R300/K 180 850 868.4 % 10.1 2.1
27 Peach SC220/R250/K 180/K 180/KA240 1070 1094.5 + 7.7 22
28 SC220/K 180/K200/K200/K200/K 180 1180 1155.6 + 8.2 2.1
29 SC220/K 180/K200/K200/K200/K 180 1180 1164.4+93 -13
30 Grape SC220/K 180/K 180/K200/K 180 960 934.5+72 27
31 Open SC220/K 180/K200/K200/K200/K 180 1180 1154.4+ 8.2 22
32 (EB/F) SC220/K 180/K200/K200/K 180 980 956.5 + 10.3 2.5
33 Plum SC220/K 180/R300/K 180 880 908.3+9.9 3.1
34 Grape SC220/K 180/K200/K200/K200/K 180 1180 1154.4 = 8.6 22
35 SC220/K 180/K 180/K200/K 180 960 9864+ 11.2 2.7
36 Plum SC220/K180/R300/KA210 910 937.6 + 13.4 2.9
37 Grape SC220/K 180/K 180/K 180/K 180 940 9451+ 115 0.5
38 Peach SC220/K 180/K 180/K 180/K 180/K 180 1120 1146.1 9.9 23
39 Grape SC220/K 180/K 180/K 180/K 180 940 9652 + 14.3 2.6
40 Plum SC220/K 180/K 180/K 180/K 180/K A240 1180 1196.5 + 8.8 1.4

4SC, super coated Manila paperboard; outer paperboard is BKP, inner paperboard is Manila recycled paperboard. R, reinforced paper-
board; the combination of multiple KOCC, or KOCC and Kraft recycled paperboard, or KOCC and AOCC. K, the combination of
KOCC (50%) and AOCC (50%). KA, outer paperboard is UKP (30%), inner paperboard is KOCC (30%) and AOCC (40%). S, both
outer and inner paperboard are KOCC. SK, outer paperboard is UKP (30%), inner paperboard is KOCC (50%) and AOCC (20%). B,
outer paperboard is Kraft recycled paperboard (10%), inner paperboard is KOCC (90%). Where BKP: bleached Kraft pulp, UKP:
unbleached Kraft pulp, KOCC: Korean old corrugated container, and AOCC: American old corrugated container.

"Values are mean+ SD (n=>5)
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Table 5. The evaluation results of water repellency analysis

Water repellency
No. of sample Commodity Systems (flute)
Outer linerboard® Inner linerboard®
1 R10 R4
2 R6 R4
3 RG R4 Peach
4 R6 R4
5 RO R4 Potato
6 RO R4 Chili pepper
7 RO R4 Sweet pumpkin
8 R2 R2 Zucchini
9 RO R4 Cabbage 8‘];5/;‘;
10 R7 R2 Zucchini
11 RO RO Sweet pumpkin
12 RO RO Chili pepper
13 RO RO Cabbage
14 R10 R2 Potato
15 R9 R4
16 R10 R4 Korean melon
17 RO R4
18 RS R4
19 R10 R4 Grape o
20 RO RO (Bp/eF‘;
21 RS RO
22 R9 R10 Peach
23 R7 R2 Grape
24 R7 R4 Peach
25 R9 R4 Plum
26 R9 R4 Grape
27 R9 R4 Peach
28 R9 R4
29 R7 R2
30 R10 R2 Grape
31 R10 R4 Open
32 R10 R4 (EB/F)
33 R10 R4 Plum
34 R10 RO
Grape
35 R10 RO
36 R10 RO Plum
37 R9 RO Grape
38 R9 R4 Peach
39 R10 R4 Grape
40 R10 R4 Plum

*Values are mean=SD (n=15)

Hojolslal, ABZS 4.96kN/m, EBZ2 4.90 kN/m ©)% o]

o>

}-S wojof gt} mix|uto g oF 2%9] B8-S A3 S-

9] F3 ‘?J%—%E% Hojof alt} oF 10%9] H&-S A3 2 SF& HE7te 785kPa oA, 3 =74 % 343 kKN/m
S-1 552 HEAE 638kPa o1, 4 UE7= 3.30kN/m oPFE Hofof s
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Table 6. The evaluation results of busting strength (BS) and edgewise crush resistance (ECR)

Eile Al

At

=
(A=}

BRI

R =

AR B SR

dm

T

No. of Standard BS Measured BS | Standard ECR | Measured ECR Flute Standard
sample (kPa) (kPa)?* (kN/m) (KN/m)° quality grade

1 993.9 + 64.5 13.2+0.6
2 981< 1094.0 +98.1 529< 154+0.6 AB/F D-2
3 1038.4 £48.2 12.8+1.2
4 785< 854.3+£23.6 496 < 143+0.5 AB/F D-1
5 981< 1052.0 + 68.5 529< 12.1+£04 AB/F D-2
6 787.7+44.7 11.5+£0.2

785< 4.96< AB/F D-1
7 667.3+£49.0 8.4+0.2
8 981< 1002.6 + 96.8 529< 10.0 £ 1.03 AB/F D-2
9 762.9 +39.5 11.0+0.7
10 785< 941.1 £60.8 496< 8.1£0.5 AB/F D-1
11 751.1 £34.6 9.7+0.2
12 981.1 £55.2 11.0+0.4
13 986.1 =£33.9 9.1+£0.5
14 1044.9 £ 30.2 11.3+£0.2

981< 4.96< AB/F D-2
15 1230.1 £95.4 154+0.5
16 1182.9 £ 59.7 149+1.0
17 1132.3 £ 98.6 13.3+0.6
18 7444 +£72.3 8.6+0.3
19 675.9+13.8 8.9+0.3

638< 3.30< B/F S-1
20 734.8+33.4 8.5+0.6
21 553.5+16.3 114+04
22 785< 910.5+32.6 343< 10.9+£0.3 B/F S-2
23 961.0+21.2 74+1.6

785< 490=< EB/F D-1
24 863.5+41.6 11.2+04
25 981< 1210.0 £36.3 5.20< 11.0£0.9 EB/F D-2
26 785< 692.3 +19.5 490< 8.0£1.0 EB/F D-1
27 1153.2+19.2 11.7+£0.6

981< 5.20< EB/F D-2
28 1061.6 £40.0 11.1+1.7
29 785< 893.0 + 36.7 1.90< 11.2+0.5 EB/F D-1
30 724.5+£29.6 12.1£0.1
31 981< 1025.3 £ 68.1 520< 13.1+0.6 EB/F D-2
32 762.9 +£39.5 11.0+0.7
33 785< 941.1 £ 60.8 4.90< 8.1+0.5 EB/F D-1
34 751.1 £34.6 9.7+0.2
35 981.1 £55.2 11.0£04
36 986.1 +33.9 9.1+£0.5
37 1044.9 £ 30.2 11.3+£0.2

981< 520< EB/F D-2
38 1230.1+95.4 154£0.5
39 1182.9 +59.7 149+1.0
40 1132.3+98.6 13.3+£0.6

*Values are mean = SD (n=20)
®Values are mean = SD (n=10)

Table 72 A3 FHA] 2] dSFAEE A @)l 4 Al AE=E Bl PSAE B W2 A
8ol da UL A EAEe] wAE £4% 2 Ads B3l A e AET7H 14300 27 149
Folth, FHE 409 T ZWA A F 38 Foll D] &7 2o dEHERT 47 oF 6.9%9 24.5%
o osuel TUA AP Wa QHAEE AT A A SEUT T 2R 4% wE DuPeln, ABZ




64 US| - 0IHS - Athip Boonsiriwit - 0174 ot st A
Table 7. The results of the compression strength for corrugated box samples

sample (flute) (K) (box) (kg)* strength (kgf) strength (kgf)b
1 12 11 660 11515+ 173
2 12 11 660 682.9+33.7
3 Closed S 12 11 660 970.1+10.3 Accoptable
4 (AB/F) 12 11 660 972.8+£93.7
5 21 840 888.7+52.7
6 11 385 6832+ 87.5
7 Closed 5 11 9 495 461.0 £48.9 Unacceptable

(AB/F)

8 10 11 550 577.2+87.4
9 7 17 595 711.7 + 83.1
10 Closed 5 10 11 550 747.8 £79.3 Acospable
11 (AB/F) 9 405 607.8 + 102.4
12 11 440 645.1 +26.2
13 17 510 624.7 = 50.0
14 8‘1’;’/;‘; 5 8 21 840 663.9+ 15.0 Unacceptable
15 11 11 605 1226.7 + 105.6
16 (C/i(]’;/‘;‘; 5 11 11 605 1211.1 £23.0 Acceptable
17 11 11 605 1109.2 + 58.3
18 19 3 285 606.6 = 98.4
19 19 3 285 614.5+22.5
20 g’;‘; 5 18 3 270 7643+ 11.1 Acceptable
21 21 55 5775 894.0 + 45.8
22 21 55 577.5 1097.5+11.1
23 17 6 510 1183.3+29.5
24 21 55 5775 1188.0 + 88.3
25 18 11 990 1359.5 + 58.2
26 18 4 360 686.4 +57.7
27 12 11 660 1122.1+77.9
28 18 5 450 1048.4 +42.9
29 17 6 510 1418.4 +71.1
30 18 5 450 1031.3+92.6
31 Open 20 6 600 1147.0+ 53.6
32 (Eg/F) : 19 6 570 1570.6 + 38.2 Acceptable
33 18 6 540 700.8 + 4.5
34 20 6 600 1546.6 + 60.7
35 18 5 450 1318.9+ 13.1
36 18 6 540 768.3 +39.7
37 17 6 510 1206.4 + 87.7
38 21 5.5 5775 975.5+76.9
39 18 5 450 1090.7 + 123.6
40 18 11 990 1588.7 + 66.0

*Weight of both carton and commodity
"Values are mean= SD (n = 10)
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