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Effect of Irradiation on the Quality Characteristics
of Lyophilized Kimchi Powder

S. P. Hong*, E. M. Kim, J. N. Yang, and D. U. Ahn'
Korea Food Research Institute, 'lowa State University

Abstract The effect of irradiation on the quality characteristics of lyophilized kimchi powder was investigated in order
to develop a commercial kimchi seasoning. Fresh and fermented kimchi powders were irradiated at 0, 1.5, 5, 10 and 30
kGy using a Linear Accelerator. By increasing the irradiation dose level, a* (redness) and b* (yellowness) values of the
kimchi powders were decreased, while L* (lightness) value remained relatively unchanged, as compared to the control. As
the main volatile compounds, butanal, 2-butanone and acetic acid were produced in both of the kimchi powders at 30 kGy
and dipropyl disulfide was detected only in the fermented kimchi. The viable counts of aerobic bacteria, yeasts, molds,
and lactic acid bacteria in the kimchi powder were significantly reduced by all irradiation doses. However, aerobic and
lactic acid bacteria were still observed in both of the kimchi powders at 30 kGy. No significant off-odors or off-tastes were
produced in either of the kimchi powders by irradiation, while pungency decreased after irradiation. These results suggest
that irradiated kimchi powder could be used as a kimchi seasoning.
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Table 1. pH, titratable acidity and salt content in kimchi

Fresh kimchi Fermented kimchi
Ahn 5(25)°] "ol wel GOMS7H AR Purge 2 trap A o e
Z}(Solatek 72 and Concentrator 3100; Tekmar- Dohrmann, Cin- pH. ) 3.2 44
cinnati, OH, USA)Z o] g-3ld A sttt 7 AR B 2o 28 Acidity (%, w/w) 0.5 0.8
0,
5 71 0.003%(wh) BXNREEERS 2ASATE. 3714 1mL Salt (%, w/w) 36 3
Table 2. Changes of pH, titratable acidity and salt content in kimchi powder after irradiation
Fresh kimchi Fermented kimchi
Dose (kGy)
pH Acidity (%, w/w) Salt (%, wiw) pH Acidity (%, w/w) Salt (%, w/w)
0 5.5 0.50 3.51 48 0.72 3.28
1.5 5.4 0.50 3.51 4.7 0.72 328
5.0 54 0.45 3.28 4.7 0.72 3.04
10 5.4 0.45 3.51 4.6 0.68 328
30 53 0.45 328 4.6 0.68 3.04
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Table 3. Changes of Hunter color values (L, a and b values) of kimchi powder

Hunter color value
Dose (kGy) Fresh kimchi Fermented kimchi
L a b L a b

0 68.84 20.11* 44.10® 65.39 23.73 51.18
1.5 69.26 19.96° 44,75 65.72 2348 50.17*

5.0 68.92 19.34° 43.61%® 65.34 23.42° 4935"

10 69.52 18.90° 42.94° 65.47 23.22° 48.95°

30 69.37 18.27° 42,68 66.13 22.40° 47.72°
SEM 0.306 0.185 0.445 0.306 0.179 0.363

Fresh kimchi

Fermented kimchi
Control 5 kGy 10 kGy 30 kGy

Fig. 1. Color of kimchi powder after irradiation.
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A] allyl mercaptan, methylallyl sulfide, dimethyl disulfide, diallyl

Table 4. Changes of microbial counts of kimchi powder after irradiation

Irradiation Microbial counts (CFU/g)

Dose Fresh kimchi Fermented kimchi

(kGy) Total microbes Yeast & mold  Lactic acid bacteria  Total microbes Yeast & mold  Lactic acid bacteria
0 3.6X10° 1.0X10° 5.8X10° 1.1X10° 2.9%10* 3.9%10°
1.5 84X10° ND 5.9x10* 1.0Xx10° ND 2.5%10*
5.0 45X 10° ND ND 9.0 < 10* ND 33X10
10 3.9% 10! ND ND 5.0x10° ND 6.0X10
30 13X10° ND ND ND ND ND
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Table 5. Changes of volatile compounds of kimchi powder after irradiation
Fresh kimchi Fermented kimchi
Volatile Irradiation dose (kGy) Irradiation dose (kGy)
Compounds
0 1.5 5.0 10 30 SEM 0 1.5 5.0 10 30 SEM
Methane thio bis 9067  8429°  6972°  9492° 9765 242 6501° 6536" 6744° 6917° 8186 195
Ethanol 1539 1613 1626 1701 1457 68 3416 3654 3299 3799 3212 188
2-butanone 0 0 0 0 0 0 0° 0° 0° o° 1779* 18
Acetic acid 0 0 0 0 0 0 0° 0° 0° 0° 1246 18
Hexane 0° 0° 361° 476°  426® 23 0° 0° 0° 444° 495° 9
Butanal-3- methyl 764" 750° 794> 946 1129 68 681° 703° 749° 857" 1209° 30
Butanal-2-methyl 0 0 0° 0° 769 25 0o 0Oc Oc 504> 7540 12
1-propene-3-methylthio 917 949 832 1236 1184 101 1325 1204 1313 1306 1474 156
Disulfide dimethyl 4591°  4541°  4520°  6080° 6794 312 6273 6222 6604 6032 6916 537
Hexanal 398 541 588 487 449 74 525 394 510 425 407 46
1-propene,33 thiobis 1746 1560 1487 1920 1805 95 1624 1609 1636 1709 1905 107
Camphene 591°  522% 418 500 416° 37 407° 423 373 366 331 15
Disulfide methylpropyl 4427 416" 424°  469* 476° 10 745 748 750 724 708 41
Disulfide me-2-propenyl 12941 11998 12122 12956 11657 522 10678 11710 12142 11050 9926 1076
Methyl propenyl disulfide 631" 584 528 675* 654° 28 698 698 694 662 556 55
Sabinene 589 529° 515° 511° 369° 16 291 303 337 335 311 303
Disulfide dipropyl 0 0 0 0 0 0 540 548 569 531 501 548
Trisulfide dimethyl 2285 1553 1732 1902 1370 219 1653 1681 1704 1507 1280 99
Disulfide2-propenylpropyl 1885 1303 1494 1785 1567 190 1732 1832 1848 1778 1731 63
Disulfide di-2-propeny! 37752* 33195™ 33616™ 35267 31200° 858 23710 25245 25120 23233 21629 948
Total 76144 68488 68033 76408 71492 1536 60805 63000 64582 61683 65150 2688
Table 6. Descriptive analysis data scaling of kimchi powder after irradiation
Item Fresh kimchi Fermented kimchi
Dose (kGy) Off-odor Off-taste Pungency Off-odor Off-taste Pungency
0 - - 4.80£0.42° - - 480£0.42°
1.5 045+0.39° 0.40+0.39° 4.05+0.50° 0.95+0.90° 0.90+0.70° 4501047
5.0 0.90 £0.39™ 0.70+0.42° 4.00£0.75" 1.50+£1.27° 1.00+0.47° 3.95£0.60°
10 1.30£0.42° 130+£042° 3.00£0.67° 1.85£0.58" 1.80+0.48 2.80£0.67
30 220+1.25° 2.25+0.92° 3.00£0.82¢ 260147 2.55+0.98° 2.8010.26°
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