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Abstract

Effect of chlorine treatment in preparation of precut fresh vegetables was investigated, and then optimal

packaging conditions of these products at 5C were designed and tested. Chlorine treatment on cut water

cress and onion could effectively reduce the initial microbial load of the produces without significant

quality loss, however optimal chlorine concentration differed with produce. The effectivness of chlorine

treatment was limited to the short term storage of precut vegetables. Respiriration characteristics of

vegetables and gas permeabilities of available plastic films were used to design tentative optimal packages
of prepared vegetables. In the storage of designed packages, package constructed of low density poly-
ethylene showed 15 day shelf life for cut water cress, and tray packages wrapped with polyvinylchloride

and linear low desnsity polyethylene gave 15 day shelf life for cut onion. Shelf life determining quality
factor depended on the produce and package conditions.
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Table 1. Total microbial count of cut produces treated with
chlorine solutions of different concentrations.
Chlorine solution Total microbial
Produce concentration count
(ppm) [log(cfu/g)]
0 75
50 6.9
Water 100 6.7
cress 300 6.2
500 6.6
1,000 59
0 17
10 (10
Onion 30 (10
50 (10

100 (10
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Table 2. Ascorbic acid content of cut produces treated with

chlorine solutions of different concentrations.

Chlorine solution Ascorbic
Produce concentration acid
(ppm) (mg/100g)
0 8.77
50 8.93
Water 100 9.15
cress 300 7.55
500 775
1,000 5.65
0 3.00
10 273
Onion 30 259
50 2.47
100 241
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Table 3. Effect of chlorine treatment on surface color of cut produces

Chlorine solution

surface color

Produce :
tration(ppm)
concentration(ppm L s b
0 4373 -14.00 19.78
50 4312 -14.53 19.04
100 4337 -13.78 19.25
Water cress
300 46.10 -15.42 2207
500 46.74 -15.47 22.27
1,000 46.18 -14.89 2113
0 67.46 -3.75 5.07
10 69.28 -3.10 493
Onion 30 67.03 -2.99 469
50 68.09 -3.81 517
100 67.80 -298 438
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Fig. 1. Effect of chlorine treatment on total microbial count
of cut water cress stored at 57T. Chlorine
concentrations of treated solution: —[]—, control;
—~M -, S0ppm; —A—, 100ppm: —X]—, 300ppm;

—% —, 500ppm; —% —, 1,000ppm.
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Fig. 2. Effect of chlorine treatment on total microbial count

of cut onion stored at 5C. Chlorine concentrations of

treated solution: —[]—, control; —l—, 10ppm; —A

—, 30ppm; —X—, 50ppm; —% —, 100ppm.
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Table 4. Change in surface color of cut water cress treated with different concentration chlorine solutions during storage at 5C.

Chlorine Surface Surface color index
concentration color for storage time
(ppm) index Initial 5 days 7 days 14 days 21 days
L 51.87 52.29 54.47 55.24 51.83
0 a -14.01 -14.01 -12.58 -14.64 -14.16
b 26.87 27.12 27.12 27.67 24.78
L 5078 53.80 55.49 56.30 54.43
50 a -14.71 -13.67 -14.03 -14.70 -14.34
b 28.52 29.17 29.30 29.15 27.18
L 51.34 54.84 51.61 54.61 55.44
100 a -14.43 -14.47 -13.17 -13.73 -12.36
b 28.20 2953 71 27.31 26.74
L 54.68 52.27 54.09 48.86 46.24
300 a -15.10 -1278 1271 9.28 -7.98
b 28.50 26.96 2797 2391 20.87
L 54.82 52.19 50.08 46.75 4319
500 a -15.47 -13.86 -9.53 -3.99 -1.25
b 2811 27.50 23.87 19.11 19.31
L 5477 52.66 50.95 45.20 4271
1,000 a -14.90 -13.84 -8.49 -3.45 -5.33

2883 2873 2578 18.74 2136
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Table 5. Change in surface color of cut onion treated with different concentration chlorine solutions during storage at 5TC.

Chlorine Surface Surface color index
concentration color for storage time

(ppm) index Initial 5days 7days 14days 21days 28days
L 72.29 74.77 7115 75.22 73.56 65.47

0 a -1.84 -1.96 -1.78 -1.70 -2.26 -2.49

b 4.82 5.10 5.31 5.62 6.79 8.50

L 70.66 73.28 71.05 71.10 72.36 62.32

10 a 229 -1.86 -1.82 -2.07 -2.05 -1.37

b 6.34 483 6.04 6.76 8.06 7.67

L 70.18 74.82 73.18 73.81 72.34 65.66

30 a -1.96 -1.82 -1.71 -2.18 -1.94 -1.88

b 5.34 491 5.75 7.70 7.29 872

L 71.90 73.82 7394 74.44 74.24 63.40

50 a -1.92 -1.81 -199 -1.81 -2.05 -193

b 5.59 494 6.40 6.00 7.53 9.26

L 72:35 74.98 72.26 73.94 73.05 60.17

100 a 21 -1.67 -1.87 -1.99 =211 -191

b 6.04 475 6.30 6.46 7.64 8.10
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Table 6. Respiration model parameters of Equation (1) for the cut and prepared vegetables at 5T.

Respiration vm Km Ki
Produce i

expression (mlL/kg h) (%02) (%CO2)
Water cress 02 consumption 19.0769 0.0042 4.2035
CO2 evolution 11.4869 0.2316 59791
Onion O2 consumption 4.0216 0.4107 28.6047
CO2 evolution 3.7472 0.6419 48476
Bean sprouts 02 consumption 90.3653 0.2116 0.6181
COz2 evolution 25.5398 1.4573 1.4829
Green onion 02 consumption 429017 1.1222 47096
CO2 evolution 32.8534 0.9531 39265
Green onion 02 consumption 42.3197 47814 14183
(small type) COz2 evolution 26.9011 2.0441 2.0499

Table 7. Oz and COz2 permeabilities of packaging films at 5.

Thickness Cas permeability (mL zm/m’hr atm)
Film* Manufacturer
(pam) 02 CO2
LDPE 27 2264 11462 Daekyung Ind.
Cpp 30 825 2113 5T.C
OpP 20 696 1585 ST.C
OpP 30 597 1502 ST.C
PvC 137 3262 17151 Lucky
LLDPE 109 3972 14478 Clean Wrap
* Abbreviation-LDPE:low density polyethylene; CPP:cast polypropylene; OPP:oriented polypropylene;
PVC:polyvinylchloride; LLDPE:linear low density polyethylene.
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Table 8. Designed packages of cut vegetables with respective estimated package atmospheres.

Package conditions

Estimated package

atmosphere” package
Produce
Weight Packaging Package Dimension  Free volume 02 CO2 Number
) film® type cmXcm’ (mU) (%) (%)
Water LDPE27) Pouch 20X25 930 0.0181) 34 (69 Pack W1
cress 200 PVC(137) Tray 20X25 890 0.0(388) 2.5 (50) Pack W2
LLDPE(10.9) Tray 20X25 890 7.8(234) 24 47) Pack W3
Onion LDPE(27) Pouch 15X15 39 3.4377) 25 (62) Pack O1
200 PVC(13.7) Tray 15X15 350 7.7(286) 18 (42) Pack 02
LLDPE(10.9) Tray 15X15 350 12.1(194) 1.8 (40) Pack O3
Creen LDPE27) pouch 21X16 420 0.9(133) 4.1 (45)
onion 70 PVC(13.7) Tray 21X16 400 19(153) 32 (33)
LLDPE(10.9) Tray 21X16 400 6.0(170) 133
Creen LDPE(27) Pouch 20X15 420 7.9(307) 2.3 (46)
onion CPP(30) Pouch 20X 15 420 3.4(617) 6.8(192)
(small 50 OPP(20) Pouch 20X15 420 5.4(568) 6.4(178)
type) OPP(30) Pouch 20X 15 420 1.9(628) 8.1(246)
PVC(137) Tray 20X 15 480 10.2(261) 1.8 (37)
LLDPE(10.9) Tray 20X15 480 13.5(261) 17 (36)

a 7 0. & s X
Number in parenthesis is thickness in zm.

. Surface area of package is two sides for pouch type package and one side for tray type package.

€ Number in parenthesis is equibriation timec(h).
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Table 9. Gas composition of cut produce packages during storage at 5T.

Cas composition(%)

Produce Package Gas
Initial 8 days 15 days 22 days

Pack W1 02 209 16 1.8 14
CO2 0.0 44 38 3.6
Pack W2 02 209 17.0 155 123

Water cress
CO2 0.0 22 25 3.0
Pack W3 07} 209 17.0 16.8 187
CO2 0.0 21 28 28
Pack O1 02 209 29 15 1.8
CO2 0.0 49 6.8 7:5
. Pack 02 02 209 18.4 186 16.3

Onion

CO2 0.0 1.4 25 27
Pack O3 02 209 187 17.0 15.5
CO2 00 13 30 32

Table 10. Weight loss of cut produce packages during storage at 5C.

Weight loss(%)

Produce Package
Initial 8 days 15 days 22 days
Pack W1 0 11 18 22
Water cress Pack W2 0 33 5.6 86
Pack W3 0 22 33 46
Pack O1 0 03 0.5 14
Onion Pack 02 0 43 58 9.1
Pack O3 0 15 21 25

Table 1. Total microbial count on cut produces in the packages during storage at 5.

Microbial countllog(cfu/g)]

Produce Package
Initial 8 days 15 days 22 days
Pack W1 5.0 6.2 73 84
Water cress Pack W2 50 59 7.1 82
Pack W3 5.0 6.0 7.3 88
Pack O1 31 6.7 71 8.1
Onion Pack O2 31 53 5.7 7.3

Pack O3 3.1 56 6.2 76
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Table 12. Organoleptic apperance and flavor of cut produces in the packages during storage at 5T.

Quality Average sensory score*
Produce Package
attribute Initial * 8 days 15 days 22 days
Pack W1 5 43 33 14
Appearance Pack W2 5 353 20™ 23°
Pack W3 5 18° 1.8 20°
Water cress
Pack W1 5 38° 33 10°
Flavor Pack W2 5 40° 23° 2.3°
Pack W3 5 v g Ve
Pack O1 5 43 13% 17
Appearance Pack 02 5 a 30° 27
Pack O3 5 57 38° 22
Onion
Pack O1 5 45 10° 13°
Flavor Pack 02 5 35° 30° 23
Pack W3 5 40° o™ 18°

* A 5 point hedonic scaling was used. Different superscript means the siginificant difference at 95%

confidence level for the same quality attribute and storage time( Duncan multiple range test).

** Panel were trained to give the initial sample 5 point.
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Table 13. Change in sugar content for cut onions in the packages during storage at 5T.

sugar content(Brix)

Package

Initial 8 days 15 days 22 days
Pack O1 9.9 9.0 85 76
Pack 02 9.9 96 8.9 83
Pack O3 9.9 9.4 88 77
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