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Technology Innovation in Kimchi Packaging for
Marketing in Food Supply Chain

Dong Sun Lee",

Ho Ryoung Kwon17 Duck Soon An!, Michael Chung?,

Kwang Sik Lee? and Dong Jin Yang?

'Department of Food Science and Biotechnology, Kyungnam University, Changwon, 631-701 Korea
’Tae Bang Patec Co. Ltd. Yangju-City, Gyeonggi-do, 482-838, Korea

Abstract Kimchi, a Korean fermented vegetable is packaged without pasteurization and distributed with live bacteria
actively working to produce lactic acid and carbon dioxide gas in the product. The CO, production consisting of two dis-
tinct phases of initial fast and later slow rates depends on kimchi type, salt content and storage temperature. The CO,
produced from kimchi is accumulated in the product package causing volume expansion and pressure buildup. The
dependence of CO, production rate on salt content and storage temperature has been published formerly and can be used
for estimating the package volume and pressure under a variety of storage conditions. As methods to alleviate the prob-
lems from the produced CO,, package designs with controlled diffusion pinhole, high CO, permeable film or CO,
absorber have been tried by several researchers. Properly designed packages adopting the device or tool were shown to
have high dissolved CO, in kimchi without volume expansion and pressure buildup, giving good sensory quality with
carbonic taste. Advantages and limitations of each method have been discussed.

Keywords Kimchi package, CO,, Volume, Pressure, Gas absorption, Pinhole, Gas permeation
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Fig. 1. Changes of product and package parameters of packaged
kimchi stored in glass jars at 15°C. Salt content 3%; jar volume
430 mL; fill weight 250 g; free volume 193.5 mL. A: titratable
acidity, A: pH, O: pressure, l: headspace CO,, [J: dissolved
CO, concentration. From Lee et al.!.

Table 1. General status of kimchi packages in Korean market
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Package type

Construction

Plastic pouch

PET+AI+CPP, PET+AI+PE, PET+AI+LLDPE, PET+PE, PET+LLDPE, Nylon+PE, PET+PE+LLDPE, PE

Plastic bottle and tray

PET(body)+PE, PET(body)+PP, PP(body)+PE

Glass bottle

Glass(body)+metal, Glass(body)+PP, Glass(body)+PE

Earthenware (onggi)

onggi(body)+onggi
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Fig. 2. Two-Stage analysis of CO, production in Chinese cab-
bage kimchi at 13°C according to Lee at al.!.
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Fig. 3. CO, production for cabbage kimchi of 3% salt content.
From Lee et al..

ek
i
W

Astal zsA7I sk Zlo] X2 Al Fas 3
Aol shtolrt. ARAZFEC] CO, TAAHL Fig. 202
AEE Utk S, AA7E JoA ATt 0.6% ©]127]
7 7k 1AM s A eE wE COo, Aks
Hola, 71 o] wAAE Yozl £E Bl 17
I o]2fdk CO, AARS A7k thel A F o= siME
AR, 3% F= A9 28 COo, A4l FYS Fig
30l BejFa o,

o= A9 dr9 A2k wE COo, it
TR, mg kg day)S AF3lele] mdlFEA 19A 014
2 () 22 2dACAME A )9 o] mAkE
Art.

rr

R = exp(—0.495S + 53.265) - exp| ——0119 )) 1)

8314(T +273

—86803 )) @)

R - -
8.314(T + 273

exp(—0.325S +41.935) - exp

(
(

o714 SE FE(%)lL TE % (°C)lth.

R (mg/kg d)

Fig. 4. CO, Production as function of temperature and salt for
Ist stage.

1200

2
3
3

R (mg/kg d)
®
3
3

Fig. 5. CO, Production as function of temperature and salt for
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Table 2. CO, production rates of different kimchis at 15°C
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Type of kimchi Salt content (%) €O, production rate (mg kg™ d°) Stage transitiqn ‘point
Ist stage 2nd stage (% total acidity)
Cabbage kimchi § gézg izgg 0.5-0.6
Radish roots kimchi § ‘3‘49123 18052.'58 0.5-0.6
Cucumber kimchi § 2323 16002.69 0.5-0.6
Watery kimchi é ;;i; 222 0.3-0.4
Watery radish kimchi é ﬁgi zgg 0.3-0.4

From Kwon”.
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Fig. 7. Headspace atmosphere change of kimchi package with pinhole (4 mm diameter and 31 mm length) stored at 15°C. Salt content,
3%,; Jar volume 950 mL; fill weight 590 g, 4: Pressure measured by Bourdon-type gauge, <: pressure from gas chromatographic mea-
surement, O: partial pressure of N,, [J: partial pressure of O,, A: partial pressure of CO,. From Lee and Paik®.
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Fig. 8. Effect of pinhole on Leuconostoc bacterial growth in
Chinese cabbage kimchi of 3.9% salt at 15°C. 620 g kimchi in
1 L container. From Lee and Paik®.
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Fig. 9. Volume expansion of different packages of 500 g kimchi
at the 13°C. 4: 60 um LDPE; B: Al laminated film (99 pm);
: P71197 (82 pm); «: Nylon/PE (80 pm). From Lim et al.”.
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sealed in 10 mm HDPE film at 15°C. 1100 mg of CO, was
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Fig. 13. CO, absorption of Ca(OH), and Na,CO; (0.025 mol)
sealed in high H,O permeable Tyvek film at 15°C. 1100 mg of
CO, was injected into the system in two steps. From Shin et
al.!,
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Fig. 14. Effect of fabricated CO, absorbent consisting of
Na,CO; 1.79 g and zeolite 2.33 g on CO, absorption behavior
(15°C). 1100 mg of CO, was injected into the system in two
steps. From Shin et al.'V,
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